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CUECost  -  Air Polution Control Systems Economics Spreadsheet 

CUEC Dst 
Coal Utility Environmental Cost 

Version I, Ntvember 25, 1998 (revised 2-9-00 as CUEC0st3.xk 

Developed for EPA 

by Raytheon Engineers & 7.onstructors and Eastern Rd search Group 

Otrrent Daie: 14-oa-n 

GoTo Buttons Print Option 
Wulf: 

Calculations and Cons: 

APC Technology Oroices  
Suggested Default 

D0,mini1on Cults Range Values kunst 1 Input 2 WM 3 WW1 4 Inout S 

=OD Process Integer 1 or 2 1 2   2 2 2 2 
(1 - LSFO, 2 = LSD) 

'articulate Conlrol Integer I or 2 1 1 1 1 1 1 
(I - Fabne Filter. 2 - ESP) 

608 control Integer 1 - 4 1 1 1 1 1 1 
0 - SCR. 2 - SNCR. 3 - LNB.s. 4 - NOR) 

INPUTS De3cri2lion  of  Inpat 

Deena 
Deserkklen l'rdla RM.* Valoss Innen 1 Wont 2 Ingul 3 hag 4 Jame 

General Plant Tmlinko I Inonto 

..ocatito - State .166.00. AO Stales PA RA PA PA PA PA 

,O,V Equivaktil of Flue Gm to Control System M. 100.2000 500 500 500 500 500 500 ....t• Moo Ornenon.1361)1■11.....rtkavry,wt, wpm. n... 	I'l Peo I., ,..01 ,4 q.enr r0”4” 

90 no Haat Rato (WO APC) 13twkWbr 10,500 10.500 10.500 10,500 10,500 10,500 

nul) Commit),  Fe.. % 955'. 65% 65% 65% 65% 65% 

Neva. Excess Air iti Boiler % 120% 120% 120% 120% 120% 120% iimek  0.2 

kir Heater hileakage % 12% 12% 12% 12% 12% 12% 

kir Heater Outlet Gas Temperature 'F 300 300 300 300 300 300 
Met An Temperature so so BO 80 80 20 
Ambient Absolute Pressure In of Hg 29.4 29.4 29.4 29.4 00.4 29.4 

'ressure Ana Am Hada M. 0)1120 -12 -12 -12 -12 -12 -12 

41000. in Air bib 42yak 0.013 0.013 0.013 0  013 0.013 0013 
Ash Spht 

Fly AM % 110% 80% 80% BO% 20% 20% 
Ronan Ash ¼ 20% 20% 20% 20% 20% 20% 

Smamm Zone Integer 1-5 1 1 I 1 1 1 0.• Alw. 

300o10 Factor Mugu 10.30 Ii 13 13 1  3 1.3 
(1 0 - new 1.3 - medium ) 6 - difficult) 

9eleel Coal Imeger IA I 2 2 3 4 5 
a Selockd Coal  a  Pout. River Ruin Coat) Yes /No See Cohann C Yes Yea No N. No No nos  mon  n  unman  (o.  a,  n+,. ■  3 	h ol0000 

Coals Avoilabk  il Libresro 
Zold I, Wyoming PR3: 8.227 BM 0.37% S., 5 32% rub 
Coa12. Armstrong P a. 	13.100 II .i. 2.6%S. 5 I% mit 
Coal 3.100U-sou 03 ' 	11,922 EM.,, 3 43%S, 13% ash 
Cord 4. Logan, WV 2,054 Ettn, (119% S, 16 'a:ash 
3:al 5. No. 6 Illinois: 10.100 Btu 4%0. 16% soh 
Coal 6. Roubud. NIT 8.789 BM 1.56% S.  8 5% ash 
ais17. Lignite, ND: 7.500131u 0 34%S. 1.85 alb 
Coal 8, n ker Spaded Btu, 03, 0, 0% ash 

Economic Inputs 

200 Basis -Vera Collo+ Year 995 1992 1994 1998 1992 19911 Moe ty'Sgamr 

Sauk< Life (lculization period) Yaws 30 30 30 30 30 30 
aflame Rak 0. 3.00% 300% 3  00% 3.00% 3.00% 1.00% 
Atka Tax Num. Rate (eurient SS) ¼ 9.20% 9.20% 9 20% 920% 9  20% 9.20% 
11.13C Rue Wotan Vs) ¼ 1080% 1010% 10.400 6 10 40% 10 80% 10.803 
,an-you Carrying Charge foment SO ¼ 22 30% 22.30% 2250% 22.30% 22 30% 22 30% 
.molized Cymru Cisme (current Ss) ¼ 16.90% 16.90% 109063 16.90% 1690% 16.90% 
Arst-year C 	Cbarge Mutant Ss) ,arrying ¼ 5.70% 15.70% 1570% 15703 15 70% 15.703 
...melmed Camas Charge (coml. SS) 0. 11.70% 1).70% 11.7056 11 70% 11 70% 11700.6 
Saks T. 0. 6% 6% 6% 65'. 6% 6% 
1scalation RA. ,  

Consumables (0420)) 0. 3% 3% 3% 3% 3% 3% 
Capital Costs .  

Is Cbens. Eng Con Wks available? Yes I No Yes Yes Yes Yes VS0 Yes 
11'Yee 111P. ron bun CE Pl. Index. Integer 3413 348 288 382 384 382 I3o Aof000'.0l*oo,(,000loo..9.th,dAo,non(OH5 ,olo  

it 'No" inaa ...ham ma. % 3% 3% 3% 3% 3% 3% 
Zonstmetion Labor Rata Sir 133 235 635 235 S35 235 
snme Communes Mulm1 1  0. 3% 3% 3% 3% 34 3% Pmen, torbdalt,o, Can.(  h  ....1.,,non...Mho foci 

30e50430 Labor Rate StIst MO 130 230 230 830 230 
POWar Cosi Milk/kWh 25 25 25 25 25 25 
Stunt Con I11000)1n 35 31 3.5 35 3.5 35 

COECOS73.809. V.. Input 550e0 

21P23_000297 



(1/10/2011) Rand Crafts - CUECOST3.XLS 
	

Page 2 
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(baritone Forced Oxidation (UFO) II outs 

002 Removal Required 04 90-95% 95% 95% 95% 95°. 95% 
.-0 Rano sal ,  Woo ael 95-160 125 125 125 125 125 125 
Jesign Saubber with Mem ACK' Addition? Integer 1 or 2 2 2 2 2 2 

(I - Yea 2 
Adak.* Sauntan Temperature 'F 100-170 127 127 127 127 127 127 
leagent Feed Ratio Factor 10.2.0 105 005 105 1.05 1.05 1.05 

(540(0 CaCO3 , Mole 50200000.04) 
Scrubber S)0yey 5066 0.00al611l00 Wt % 15% 15% 15% 15% 15% 15% 

'Stacking, Landfill, Wallboard (obger 1,2,3 1 1 1 I  1 1 
(I - stack* 2 - landfiR 3 - wallboard) 

Vurober o( Absorbers Integer 1-6 1 1 1 I 

(Max Capacity .700  MW per Omit.) 
Absorber Material Integer 1 cc 2 1 1 I  1 I 1 

(I ' alloy. 2 - RLCS) 
Absorber Pressure Drop in H20 6 6 6 6 6 6 

Reseal Required ? Integer 1 or 2 1 1 1  1 l I 
(1 ° Yes. 2 - no) 

4r00u06 of Reheat 0-50 25 25 25 25 25 25 
Zeagerd Bulk storage Days 60 60 60 60 60 60 
bog. Cost (delivered) 516,. 515 615 515 $15 $15 515 

-andfdl Disposal CoO Mon 530 630 530 630 $30 530 

Slacking Disposal cost Mein $6 56 56 56 
:-...a. for 0Ypna. BYProduel 5160 62 52 52 52 52 $2 
11airdanance Firetal by area 1% of boafi(0d CoO) 

Rugonl Feed % 5% 5% 5% 5% 5% 

502 Remove/ 04 5% 5% 5% 54. 5% 5% 

Flue Oes 1010001in5 5% 00, 5% 3. 1%, 00. 

9,0001 BYProdum 5% 5% 5% 5% 5% 5% 
Supped Equipment li 5% 3% 5% 5•: 5% 511. 

.-2.900450eric9 bv Area ( 69 of I(0talled C.) 
Reagan Feed 04 20% 20% 200% 20% 20% 

502 Removal 04 20% 20% 20% 200. 211°. 

Flue Gas Handling % 20% 20% 20% 20% 20% 20% 
Wale I Byproduct 9. 20% 20% Yl% 20% 20% 204. 

Support Evil... 20% 20% 20% 20% 20% 
Janata' Facilities by Arm ( 4:410131W Coo) 

Reagan Feed ° 10% 10% 104. 10% 10% 1044 
502 Removal 10% 10% 10% 10% 10% 10% 
Flue Oas Handling 10% 10% 101. 10% 10% to% 
W.,. , Byproduct 04 10% (0% 10% 10% 10% UM 
SupportEguipman 04 10% 10% 10% 10% ID% 10% 

Zogirotring Fees by Area 1% of Installed Cost) 
Reagent Feed % 109'. 10% 10% 10%. 10°. 10% 
502 Removal % 10% 10% 10% 10% ID% 10% 
Duo Gas Ilendbrin 9. 10% 10% 10% 10% ID% 1000. 

Waste i 1301troMm1  04 10% 104: 10% 10°a 10% 10°. 

S.Pr. Equips.; % to% 10% 10% 100 . ;0% Pr. 

Lane SIMIV Dryer (LSD) lamas 

502 Removal Required 04 90-95% 90% 90% 90% 90% 90°. 90% 
00010e. Sa11.13011 Temp.... °F 100-170 127 127 127 I27 127 (27 
Aue Oas Approach to Saturanon 10.-50 20 20 20 20 20 20 
Op.) Dryer Outlet Temperature ''' 1 to-2.20 147 147 147 147 147 147 

2rage,0 Feed Rano Factor Cab. Based en T.S 0.90 092 1.50 115 101 1.94 
(Mob CaO ,  Mole Inlet S02) 

Recycle Roe Factor Calculated 30 30 1.4 0.66 9 049 

(lb mode i lb l(me feed) 
tetycle Slum Solids Concentration (0-50 35% 35% 35% 35% 13% 35% 
Vumber of Absorbers Integer 1-7 2 2 2 2 2 2 

(Mao. Capacity = 100 blW p,.o spray dryer) 
Absorb. Malenal Intega 00,2  1 1 1 1 1 1 

(1 - 41 	2 = OLCS) 
Oprm Dryer Measure Drop in_ 020 5 5 $ 5 3 5 
Yeager,' Bulk Strange Dayr 60 60 60 60 60 60 
40.1en0 Co51 (delivered) Shan 565 565 565 565 565 565 
)ty Waste Ihmosal Cost 51500 $30 530 530 530 530 530 

711110001100 FaclOCI by Area (a. of Installed Cost) 
Reason Feed 74 5% 5% 5% 34: $• 5% 
502 Removal 5% 5. 4 5% S% 0'. 5% 
Flue Gas (imning 14 : . 1% 5% 5% 

Wune I Bypru4.1 % 51. . '. 5% 5% 5% 
Support Equipment 04 304 5% 5% 5% 5% 

Zontmgany by Ana (% of Insialled CoO) 
Reagent Feed 04 20% 20% 20% 20% 20% 20% 
502 Removal 20% 20% 20% 10', 20% 
Floe Oas Handling % 20% 20% 20% 209% 20% 
Wattle / Byproduct 20% 20% 20% 20% 20% 20% 
Support &minium! 04 20% 20% 20% 20% 20% 

30ne1a0 Facilitbe by Area (% of lestaad Cool 
Reagent Feed 04 1000, 10% 10% 10% I  Ira 10% 
502 Removal 10% 10% 10% 10% 10% 10% 
Fhie Gas Bandit's& 04 10% 10% 10% 10% 10% 10% 
W'mle . Byproduct % 10% 10", 10% 10% 10% 10% 

Support &DOM.. 11, 10% 10% 10% 10% (0% 10% 
Erioneenng Fees by Area (% of Installed Coo) 

Reagan Feed 10% IV, 10% 10% 10% 10% 
502 Removal ay 10% BP. 10% ICI% 10% 10% 

Flue Oas Ilanilting 10% 104. 10% 10% 10°. 1004 
Waste ' Byproduct 04 10% 10%, 10% 111% 10% 10% 
Stipp., Forum. % 10% 10% 10% 10% 10% 105,1 

Particulate Central love* 

Oullet PartIodate Emission Limit 5694MBrtt 0.03 0.03 0.03 003 0.03 0.03 

Fabric Filter 
Presage DrOp tn. 1120 6 6 6 6 6 6 
Type (I = %max Cum 2 - Mae let) Irgeger 2 2 2 2 2 2 

Gas-toyCloth 01100 ACFM/If 7.5 35 35 35 15 3.5 
Bag Material (ROD,  fiberg(ass only) Integer 2 2 2 2 2 

( I - Fiberglass. 2 - Nom.. 3 .05003) 
Bag DiOneler inches 5.14  6 6 6 6 6 6 

Bag LOMA feel 15 -35 20 20 20 20 20 20 
Bag Reach 3 0 3 3 3 3 
Compartments out of Service 04 10% 10% 10% 10% 10% 10% 
Bag Lde Years 1 - (0 5 $ 5 5 5 5 
Maugename (.5 of installed cost) 5% 5% 5% 5% 5% 
Contmgmcv (% of instal(ed coo) 04 20% 20% 20% 20% 20% 
('enmel Famlmes 1% of metalled cosi) 10% (0% 10% 10% 10% 1074 
Dimetering bees (°. of restalkd cosi) 4: 10% 10% 10% 1004 10% 10% 

OSP: 
Strength of the electric field us the ESP - E ItVkrn 000 10.0 10.0 10.0 100 10.0 
Mate SpeCing 12 12 12 11 12 12 
Moe Bergin B. 36 36 36 36 36 36 
Prance Drop it. 1120 3 3 1 3 3 3 
Mandato. (% of installed cost) 5% 5% 5% 5% 5% 5% 
contingency (% of intudled cost) 20% 21104 2004 2094 20% 20% 
Omseral Facilities (% of Moaned cost) % 10% 1004 10% 10% (0% 10% 

F0giceerin70 Fees Mot' installed cost) 10% 10% 100% 10% 10°... 10% 

NCI's Control Inautt 
See Soarcy  S., 1e  bottom of 

Selective,  Cashtic Red...rim ISCR) howl Constants C(' Sheet 

Eters nem  50,00, 5000y, Default Source 
01137007 S(oabtornetric Rano 74135000 0.7-10 0.9 1) 1) 13 D D 'OK'S  V....  ...I., log d -.. 	.,..1 .,1 1 A v 1V113.NOX onto 
VOX Reduction Effie Moo Fraction 0.60-090 0.70 13 0 D D D 0 b c 
Ale NOx 00.14M09.1 0.9 D D D D 0 1400 

,Stume Velocity (Calculated if zero) 1.69 0 D 11 13 13 LI 00 

CUECOS71.018. Ow Input Sheet 
	

2 	 011400. Niro> 
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3vaall Catalyst Life Wara 2-5 1 13 o I) 13 0 N d 
Arnmoola COM VIM 206 0 D D o 13 UCNR3 d 
Tate. Cost 5-03 356 13 13 D D 13 UCCAT d • 
3ohd Waste Disposal Cost Sloe 1148  D 13 1) 13 D UCWASTE • 
11eintonance (.:airmailed cosi) % LS% D D D 13 D • 
Zaedingency CA of installed cost) 56 2056 D D D D D 
Jonend Facilities (% of installed <Oat/ 56 5% 13 D 13 13 D f 

F.liginoeratn Fees 1% of installed cod, 56 10% D D D D 0 
Voter of Reactors Wager 2 D D 13 0 o Nr.tot 
Numb. of As Prob... Wavy 1 13 13 D D D MAO 

Selective NonCenlvde Reduction ISNCRI Mods 

IceAent inItget I Ilrea 24400040 1 0 I) D D D — 
Numb. of bnectiw Levels imager 3 D 13 0 D I) NIL I 
Number of linectors anew III D 0 D D D 
,utriber of Lame Loyola Ocoee 0 D 13 0 D I) TOLL I 
Number of Linn. esker. 0 D D D I) D 
Stearn or Air Injection for Ammonia Mpg 1: Skarn, 2: Air 1 13 0 0 D D — 
VOX Reduction Miklos,' fraction 0.30-030 0.50 D D D D D n b 

Act NO8 lbaNDIEttu 09 D 0 D 0 D NOs 
5-03/NOX Stoichiotactric Ratio NRITNOX 0 8-2.0 1 2 13 0 D D D NI11:5-OX ratio 
.Irca/NOX Stoichannotn• Ratio Urea/NOX 0 8-2 0 1 2 13 D 0 D D Ureu ....,./.,, 2  molar oldmonto  fin e.orr  n,ok °IC, . UREANCIN mho s 
Jrca Cost Mon 225 D D D D D UCUREA 0 
Ammonia Cost Shoo 206 D 0 D D 0 UCINI13 a 
Jab" Coat 5/1.000 nnl 0.4 D D 13 10 0 UCH20 a 
111140e880e 0: of rwrallest cus0 % 1 5% D D D D D • 
.7.onting40y (.. : of iratelled cost1 % 2056 I) D D 0 0 • 
3cocral Factlities (% of installed coat) % 5% I) D D 13 D • 
innineoring Feta (% of 'installed corn 56 10% D D 0 1) D • 

&In ...MIX Sumer Tranvia', land, 

NOX Reduction Efficiency fraction 0.15-0.60 0.35 D 0 D D 
3oilar 1.'line TT-fead, W:Wall T D 13 13 I) D 

560010 DOTAIdtv 
Llow, kAvarage. 

1108321 A 0 D D D 

Manammacc Labor (% of ...MA aosI) % 0.8% D D D D 0 
Olaintenara• Malarial, (% or installed cost) % 1256 D D D D II A 

Whim' Gas ReingRain[ No. 

NOX Redaction Efficiency 00oSioo 0.55465 0.61 13 13 1) 13 1) 0 
3ss Sebum Freclicm fraction 0.08 -0.20 0.15 D D 13 13 D 
Waste Disposal Coat S/ton 11.48 0 D D D 0 ueviAris a 
0a6n81 Gas Cosi 541131184 2.31 13 D 13 13 D MAAS • 
Sleeriesierice 1% of toslalled coat) 56 1 5% I) D 0 13 o • 
acting., (% of instilled cost) D D 13 13 D • 
amend Natio Mot listalled coat) % 2% 13 D 0 13 I) • 
560600054000 Rol (% of =flailed cost) % 10% D D D D 0 • 

00E00ST3ALS. User 145-0 Sheer 
	

r dere>, eterre> 
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, . 

4PC Technology Choices 

Description Units Input 1 Input 2 Input 3 Input 4 Input 5 

FGD Process Integer 2 2 2 2 2 
(1 = LSFO, 2 = LSD) 

Particulate Control Integer 1 I 1 1 1 
(1 = Fabric Filter, 2 = ESP) 

NOx Control Integer 1 1 1 1 1 
(1 = SCR, 2 = SNCR, 3 = LNBs, 4 = NGR) 

INPUTS 

Description Units Input I Input 2 Input 3 Input 4 Input 5 

General Plant Technical Inputs 

Location - State Abbrev. PA PA PA PA PA 
MW Equivalent of Flue Gas to Control System MW 500 500 500 500 500 
Net Plant Heat Rate Btu/kWhr 10,500 10,500 10,500 10,500 10,500 
Plant Capacity Factor % 65% 65% 65% 65% 65% 
Total Air Downstream of Economizer % 120% 120% 120% 120% 120% 
Air Heater Leakage % 12% 12% 12% 12% 12% 
Air Heater Outlet Gas Temperature °F 300 300 300 300 300 
Inlet Air Temperature °F 80 80 80 80 80 
Ambient Absolute Pressure In. of Hg 29.4 29.4 29.4 29.4 29.4 
Pressure After Air Heater In. of H20 -12 -12 -12 -12 -12 
Moisture in Air lb/lb dry air 0.013 0.013 0.013 0.013 0.013 
Ash Split: 

Fly Ash % 80% 80% 80% 80% 80% 
Bottom Ash % 20% 20% 20% 20% 20% 

Seismic Zone Integer 1 1 1 1 1 
Retrofit Factor Integer 1.3 1.3 1.3 1.3 1.3 

(1.0 = new, 1.3 = medium, 1.6 = difficult) 
Select Coal Integer 1 2 3 4 5 
Is Selected Coal a Powder River Basin Coal? Yes / No Yes No No No No 

Economic Inputs 

Cost Basis -Year Dollars Year 1998 1998 1998 1998 1998 
Sevice Life (levelization period) Years 30 30 30 30 30 
Inflation Rate % 3% 3% 3% 3% 3% 
After Tax Discount Rate (current $'s) % 9% 9% 9% 9% 9% 
AFDC Rate (current $'s) % 11% 11% 11% 11% 11% 
First-year Cartying Charge (current $'s) % 22% 22% 22% 22% 22% 
Levelized Carrying Charge (current $'s) % 17% 17% 17% 17% 17% 
First-year Carrying Charge (constant $'s) % 16% 16% 16% 16% 16% 
Levelized Carrying Charge (constant $'s) % 12% 12% 12% 12% 12% 
Sales Tax % 6% 6% 6% 6% 6% 
Escalation Rates: 

Consumables (O&M) % 3% 3% 3% 3% 3% 
Capital Costs: 

Is Chem. Eng. Cost Index available? Yes / No Yes Yes Yes Yes Yes 
If "Yes" input cost basis CE Plant Index. Integer 388 388 388 388 388 
If "No" input escalation rate. % 3% 3% 3% 3% 3% 

Construction Labor Rate $/hr $35 $35 $35 $35 $35 
Prime Contractor's Markup % 3% 3% 3% 3% 3% 
Operating Labor Rate $/hr $30 $30 $30 $30 $30 
Power Cost Mills/kWh 25 25 25 25 25 
Steam Cost $/1000 lbs 3.5 3.5 3.5 3.5 3.5 

Limestone Forced Oxidation (LSFO) Inputs 

CIJECOST3.XLS, Input & Calculation Summary 
	 1 	 <date>, <time> 
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CUECost - Air Pollution Control Systems Economics Spreadsheet 

S02 Removal Required % 95% 95% 95% 95% 95% 
L/G Ratio gal / 1000 acf 125 125 125 125 125 
Design Scrubber with Dibasic Acid Addition? Integer 2 1 2 2 2 

(1 = yes, 2 = no) 
Adiabatic Saturation Temperature ''F 127 127 127 127 127 
Reagent Feed Ratio Factor 1.05 1.05 1.05 1.05 1.05 

(Mole CaCO3 / Mole S02 removed) 
Scrubber Slurry Solids Concentration Wt. % 15% 15% 15% 15% 15% 
Stacking, Landfill, Wallboard Integer 1 1 1 1 1 

(1 = stacking, 2 = lanfill, 3 = wallboard) 
Number of Absorbers Integer 1 1 l 1 1 

(Max. Capacity = 700 MW per absorber) 
Absorber Material Integer 1 1 1 1 1 

(1 = alloy, 2 = RLCS) 
Absorber Pressure Drop in. H20 6 6 6 6 6 
Reheat Required ? Integer 1 1 1 1 1 

(1 = yes, 2 = no) 
Amount of Reheat °F 25 25 25 25 25 
Reagent Bulk Storage Days 60 60 60 60 60 
Reagent Cost (delivered) $/ton $15 $15 $15 $15 $15 
Landfill Disposal Cost $/ton $30 $30 $30 $30 $30 
Stacking Disposal Cost $/ton $6 $6 $6 $6 $6 
Credit for Gypsum Byproduct $/ton $2 $2 $2 $2 $2 
Maintenance Factors by Area (% of Installed Cost) 

Reagent Feed % 5% 5% 5% 5% 5% 
S02 Removal % 5% 5% 5% 5% 5% 
Flue Gas Handling % 5% 5% 5% 5% 5% 
Waste / Byproduct % 5% 5% 5% 5% 5% 
Support Equipment % 5% 5% 5% 5% 5% 

Contingency by Area (% of Installed Cost) 
Reagent Feed % 20% 20% 20% 20% 20% 
S02 Removal % 20% 20% 20% 20% 20% 
Flue Gas Handling % 20% 20% 20% 20% 20% 
Waste / Byproduct % 20% 20% 20% 20% 20% 
Support Equipment % 20% 20% 20% 20% 20% 

general Facilities by Area (% of Installed Cost) 
Reagent Feed % 10% 10% 10% 10% 10% 
S02 Removal % 10% 10% 10% 10% 10% 
Flue Gas Handling % 10% 10% 10% 10% 10% 
Waste / Byproduct % 10% 10% 10% 10% 10% 
Support Equipment % 10% 10% 10% 10% 10% 

Engineering Fees by Area (% of Installed Cost) 
Reagent Feed % 10% 10% 10% 10% 10% 
S02 Removal % 10% 10% 10% 10% 10% 
Flue Gas Handling % 10% 10% 10% 10% 10% 
Waste / Byproduct % 10% 10% 10% 10% 10% 
Support Equipment % 10% 10% 10% 10% 10% 

Lime Spray Dryer (LSD) Inputs 

S02 Removal Required % 90% 90% 90% 90% 90% 
Adiabatic Saturation Temperature °F 127 127 127 127 127 
Flue Gas Approach to Saturation "F 20 20 20 20 20 
Spray Dryer Outlet Temperature °F 147 147 147 147 147 
Reagent Feed Ratio Factor 0.92 1.50 1.75 1.01 1.94 

(Mole Ca0 / Mole Inlet S02) 
Recycle Rate Factor 30 1.4 0.66 9 0.49 

(lb recycle / lb lime feed) 
Recycle Slurry Solids Concentration Wt. % 35% 35% 35% 35% 35% 
Number of Absorbers Integer 2 2 2 2 2 

(Max. Capacity = 300 MW per spray dryer) 
Absorber Material Integer 1 1 1 1 I 

(1 = alloy, 2 = RLCS) 
Spray Dryer Pressure Drop in. H20 5 5 5 5 5 
Reagent Bulk Storage Days 60 60 60 60 60 
Reagent Cost (delivered) $/ton $65 $65 $65 $65 $65 
Dry Waste Disposal Cost $/ton $30 $30 $30 $30 $30 

CUECOST3.XLS, Input & Calculation Summary 
	

2 	 <date>. <time> 
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CUECost - Air Pollution Control Systems Economics Spreadsheet 

Maintenance Factors by Area (% of Installed Co t) 
Reagent Feed % 5% 5% 5% 5% 5% 
S02 Removal % 5% 5% 5% 5% 5% 
Flue Gas Handling % 5% 5% 5% 5% 5% 
Waste / Byproduct % 5% 5% 5% 5% 5% 
Support Equipment % 5% 5% 5% 5% 5% 

Contingency by Area (% of Installed Cost) 
Reagent Feed % 20% 20% 20% 20% 20% 
S02 Removal % 20% 20% 20% 20% 20% 
Flue Gas Handling % 20% 20% 20% 20% 20% 
Waste / Byproduct % 20% 20% 20% 20% 20% 
Support Equipment % 20% 20% 20% 20% 20% 

General Facilities by Area (% of Installed Cost) 
Reagent Feed % 10% 10% 10% 10% 10% 
S02 Removal % 10% 10% 10% 10% 10% 
Flue Gas Handling % 10% 10% 10% 10% 10% 
Waste / Byproduct % 10% 10% 10% 10% 10% 
Support Equipment % 10% 10% 10% 10% 10% 

Engineering Fees by Area (% of Installed Cost) 
Reagent Feed % 10% 10% 10% 10% 10% 
S02 Removal % 10% 10% 10% 10% 10% 
Flue Gas Handling % 10% 10% 10% 10% 10% 
Waste / Byproduct % 10% 10% 10% 10% 10% 
Support Equipment % 10% 10% 10% 10% 10% 

Particulate Control Inputs 

Outlet Particulate Emission Limit lbs/MMBtu 0.03 0.03 0.03 0.03 0.03 
Fabric Filter: 

Pressure Drop in. H20 6 6 6 6 6 
Type (1 = Reverse Gas, 2 = Pulse Jet) Integer 2 2 2 2 2 

Gas-to-Cloth Ratio ACFM/ft2  3.5 3.5 3.5 3.5 3.5 
Bag Material (RGFF fiberglass only) Integer 2 2 2 2 2 

(1 = Fiberglass, 2 = Nomex, 3 = Ryton) 
Bag Diameter inches 6 6 6 6 6 
Bag Length feet 20 20 20 20 20 
Bag Reach 3 3 3 3 3 
Compartments out of Service % 10% 10% 10% 10% 10% 
Bag Life Years 5 5 5 5 5 
Maintenance (% of installed cost) % 5% 5% 5% 5% 5% 
Contingency (% of installed cost) % 20% 20% 20% 20% 20% 
General Facilities (% of installed cost) % 10% 10% 10% 10% 10% 
Engineering Fees (% of installed cost) % 10% 10% 10% 10% 10% 

ESP: 
Strength of the electric field in the ESP = E kV/cm 10.0 10.0 10.0 10.0 10.0 
Plate Spacing in. 12 12 12 12 12 
Plate Height ft. 36 36 36 36 36 
Pressure Drop in. H20 3 3 3 3 3 
Maintenance (% of installed cost) % 5% 5% 5% 5% 5% 
Contingency (% of installed cost) % 20% 20% 20% 20% 20% 
General Facilities (% of installed cost) % 10% 10% 10% 10% 10% 
Engineering Fees (% of installed cost) % 10% 10% 10% 10% 10% 

NOx Control Inputs 

Selective Catalytic Reduction (SCR) Inputs 

NH3/NOX Stoichiometric Ratio NH3/NOX 0.9 0.9 0.9 0.9 0.9 
NOX Reduction Efficiency Fraction 0.70 0.70 0.70 0.70 0.70 
Inlet NOx lbs/MMBtu 0.9 0.9 0.9 0.9 0.9 
Space Velocity (Calculated if zero) 1/hr 0 0 0 0 0 
Overall Catalyst Life years 3 3 3 3 3 
Ammonia Cost $/ton 205.66 205.66 205.66 205.66 205.66 
Catalyst Cost $/ft3 356.34 356.34 356.34 356.34 356.34 
Solid Waste Disposal Cost $/ton 11.48 11.48 11.48 11.48 11.48 
Maintenance (% of installed cost) % 1.5% 1.5% 1.5% 1.5% 1.5% 
Contingency (% of installed cost) % 20% 20% 20% 20% 	. 20% 
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General Facilities (% of installed cost) % 5% 5% 5% 5% 5% 

Engineering Fees (% of installed cost) % 10% 10% 10% 10% 10% 

Number of Reactors integer 2 2 2 2 2 

Number of Air Preheaters 	 inte • er 1 1 1 1 1 

Selective NonCatalytic Reduction (SNCR) Inputs 

Reagent 	 1:Urea 2:Ammonia 1 1 1 1 1 

Number of Nector Levels 	 integer 3 3 3 3 3 

Number of Injectors 	 integer 18 18 18 18 18 

Number of Lance Levels 	 integer 0 0 0 0 0 

Number of Lances 	 inte • er 0 0 0 0 0 

Steam or Air Injection for Ammonia 	 integer 1 1 1 1 1 

NOX Reduction Efficiency 	 Fraction 0.50 0.50 0.50 0.50 0.50 

Inlet NOx 	 lbs/MMBtu 0.9 0.9 0.9 0.9 0.9 

NH3/NOX Stoichiometric Ratio 	 NH3/NOX 1.2 1.2 1.2 1.2 1.2 

Urea/NOX Stoichiometric Ratio 	 Urea/NOX 1.2 1.2 1.2 1.2 1.2 

Urea Cost 	 $/ton 225 224.95 224.95 224.95 224.95 

Ammonia Cost 	 $/ton 205.66 205.66 205.66 205.66 205.66 

Water Cost 	 $11,000 gal 0.407 0.407 0.407 0.407 0.407 

Maintenance (% of installed cost) 	 % 1.5% 1.5% 1.5% 1.5% 1.5% 

Contingency (% of installed cost) 	 % 20% 20% 20% 20% 20% 

General Facilities (% of installed cost) 	 % 5% 5% 5% 5% 5% 

Engineering Fees (% of installed cost) 	 % 10% 10% 10% 10% 10% 

ow NOX Burner Technology Inputs 

NOX Reduction Efficiency 	 fraction 0.35 0.35 0.35 0.35 0.35 

Boiler Type 	 T:T-fired, W:Wall T T T T T 

L:Low, A:Average, 
Retrofit Difficulty 	 H:High A A A A A 

Maintenance Labor (% of installed cost) 	 % 0.8% 0.8% 0.8% 0.8% 0.8% 

Maintenance Materials (% of installed cost) 	 % 1.2% 1.2% 1.2% 1.2% 1.2% 

IstVral Gas Reburning Inputs 

NOX Reduction Efficiency 	 fraction 0.61 0.61 0.61 0.61 0.61 

Gas Reburn Fraction 	 fraction 0.15 0.15 0.15 0.15 0.15 

Waste Disposal Cost 	 $/ton 11.48 11.48 11.48 11.48 11.48 

Natural Gas Cost 	 $/MMBtu 2.31 2.31 2.31 2.31 2.31 

Maintenance (% of installed cost) 	 % 1.5% 1.5% 1.5% 1.5% 1.5% 

Contingency (% of installed cost) 	 % 20% 20% 20% 20% 20% 

General Facilities (% of installed cost) 	 % 2% 2% 2% 2% 2% 

Engineering Fees (% of installed cost) 	 % 10% 10% 10% 10% 10% 

SUMMARY OF COSTS 

Description 	 Units Input 1 Input 2 Input 3 Input 4 Input 5 

4PC Technolo2ies 
NOx Control SCR SCR SCR SCR SCR 
Particulate Control PJFF PJFF PJFF PJFF PJFF 

S02 Control LSD LSD LSD LSD LSD 
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CUECost - Air Pollution Control Systems Economics Spreadsheet 

7410x Control Costs SCR SCR SCR SCR SCR 
Total Capital Requirement (TCR) $ $37,778,643 $36 283 822 $36,377,917 $36 218 457 $36,720,710 

$/kW $75.6 $72.6 $72.8 $72.4 $73.4 
First Year Costs 

Fixed O&M $500,635 $488,196 $488,982 $487,649 $491,842 
$/kW-Yr 1.00 0.98 0.98 0.98 0.98 

Mills/kWH 0.18 0.17 0.17 0.17 0.17 
$/ton NOx removed $176 $108 $110 $131 $122 

Variable O&M $ $4,259,548 $4,055,448 $4,068,208 $4,046,591 $4,114,794 
$/kW-Yr 8.52 8.11 8.14 8.09 8.23 

Mills/kWH 1.50 1.42 1.43 1.42 1.45 
$/ton NOx removed $1,499 $897 $912 $1,084 $1,017 

Fixed Charges $ $8,424,637 $8,091,292 $8,112,276 $8,076,716 $8,188,718 
5/kW-Yr 16.85 16.18 16.22 16.15 16.38 

Mills/kWH 2.96 2.84 2.85 2.84 2.88 
$/ton NOx removed $2,966 $1,790 $1,819 $2,163 $2,024 

TOTAL $ $13,184,820 $12,634,935 $12,669,465 $12,610,956 $12,795,354 
5/kW-Yr 26.37 25.27 25.34 25.22 25.59 

Mills/kWH 4.63 4.44 4.45 4.43 4.49 
$/ton NOx removed $4,641 $2,796 $2,841 $3,378 $3,163 

Levelized Current Dollars 
Fixed O&M $/kW-Yr 1.36 1.33 1.33 1.33 1.34 

Mills/kWH 0.24 0.23 0.23 0.23 0.24 
$/ton NOx removed $240 $147 $149 $178 $165 

Variable O&M $/kW-Yr 11.59 11.04 11.07 11.01 11.20 
Mills/kWH 2.04 1.94 1.94 1.93 1.97 

$/ton NOx removed $2,040 $1,221 $1,241 $1,475 $1,384 
Fixed Charges $/kW-Yr 12.77 12.26 12.30 12.24 12.41 

Mills/kWH 2.24 2.15 2.16 2.15 2.18 
$/ton NOx removed $2,248 $1,357 $1,379 $1,639 $1,534 

TOTAL $/kW-Yr 25.72 24.63 24.70 24.58 24.95 
Mills/kWH 4.52 4.33 4.34 4.32 4.38 

$/ton NOx removed $4,528 $2,725 $2,769 $3,292 $3,083 
Levelized Constant Dollars 

Fixed O&M $/kW-Yr 1.00 0.98 0.98 0.98 0.98 
Mills/kWH 0.18 0.17 0.17 0.17 0.17 

$/ton NOx removed $176 $108 $110 $131 $122 
Variable O&M $/kW-Yr 8.52 8.11 8.14 8.09 8.23 

Mills/kWH 1.50 1.42 1.43 1.42 1.45 
$/ton NOx removed $1,499 $897 $912 $1,084 $1,017 

Fixed Charges $/kW-Yr 8.84 8.49 8.51 8.48 8.59 
Mills/kWH 2.21 2.12 2.12 2.11 2.14 

$/ton NOx removed $2,210 $1,334 $1,356 $1,612 $1,508 
TOTAL $/kW-Yr 18.36 17.58 17.63 17.54 17.81 

Mills/kWH 3.88 3.71 3.72 3.71 3.76 
$/ton NOx removed $3,886 $2,340 $2,377 $2,827 $2,647 

Particulate Control Costs PJFF PJFF PJFF PJFF PJFF 
Total Capital Requirement (TCR) $ $36,999,765 $33,889,308 $35,928,890 $34,333,231 $39,416,879 

$79 $/kW $74 $68 $72 $69 
First Year Costs 

Fixed O&M $ $1,305,112 $1,195,395 $1,267,338 $1,211,054 $1,390,372 
$/kW-Yr 2.61 2.39 2.53 2.42 2.78 

Mills/kWH 0.46 0.42 0.45 0.43 0.49 
$/ton PM removed $3.2 $3.7 $2.9 $3.3 $2.3 

Variable O&M $ $1,271,669 $1,172,584 $1,191,454 $1,163,013 $1,235,651 
$/kW-Yr 2.54 2.35 2.38 2.33 2.47 

Mills/kWH 0.45 0.41 0.42 0.41 0.43 
$/ton PM removed $3.1 $3.6 $2.8 $3.2 $2.0 

Fixed Charges $ $8,250,948 $7,557,316 $8,012,143 $7,656,310 
15.31 

$8,789,964 
17.58 5/kW-Yr 16.50 15.11 16.02 

Mills/kWH 2.90 2.65 2.81 2.69 3.09 
$/ton PM removed $20.0 $23.3 $18.5 $21.1 $14.5 

TOTAL $ $10,827,729 $9,925,295 $10,470,935 $10,030,378 $11,415,987 
5/kW-Yr 21.66 19.85 20.94 20.06 22.83 

Mills/kWH 3.80 3.49 3.68 3.52 4.01 
$/ton PM removed $26.2 $30.7 $24.2 $27.6 $18.8 
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CUECost - Air Pollution Control Systems Economics Spreadsheet 

Levelized Current Dollars 
Fixed O&M $/kW-Yr 3.55 3.25 3.45 3.30 3.78 

Mills/kWH 0.62 0.57 0.61 0.58 0.66 
$/ton PM removed $4.3 $5.0 $4.0 $4.5 $3.1 

Variable O&M $/kW-Yr 3.46 3.19 3.24 3.17 3.36 
Mills/kWH 0.61 0.56 0.57 0.56 0.59 

$/ton PM removed $4.2 $4.9 $3.7 $4.4 $2.8 
Fixed Charges $/kW-Yr 12.51 11.45 12.14 11.60 13.32 

Mills/kWH 2.20 2.01 2.13 2.04 2.34 
$/ton PM removed $15.2 $17.7 $14.0 $16.0 $11.0 

TOTAL $/kW-Yr 19.52 17.90 18.84 18,07 20.47 
Mills/kWH 3.43 3.14 3.31 3.17 3.60 

$/ton PM removed $23.6 $27.6 $21.7 $24.9 $16.9 
Levelized Constant Dollars 

Fixed O&M $/kW-Yr 2.61 2.39 2.53 2.42 2.78 
Mills/kWH 0.46 0.42 0.45 0.43 0.49 

$/ton PM removed $3.2 $3.7 $2.9 $3.3 $2.3 
Variable O&M MW-Yr 2.54 2.35 2.38 2.33 2.47 

Mills/kWH 0.45 0.41 0.42 0.41 0.43 
$/ton PM removed $3.1 $3.6 $2.8 $3.2 $2.0 

Fixed Charges $/kW-Yr 8.66 7.93 8.41 8.03 9.22 
Mills/kWH 2.16 1.98 2.10 2.00 2.30 

$/ton PM removed $14.9 $17.4 $13.8 $15.7 $10.8 
TOTAL $/kW-Yr 13.81 12.67 13.32 12.78 14.48 

Mills/kWH 3.06 2.81 2.96 2.84 3.22 
$/ton PM removed $21.1 $24.7 $19.5 $22.3 $15.1 

S02 Control Costs LSD LSD LSD LSD LSD 
Total Capital Requirement (TCR) $ $81,621,644 $94,276,387 $106,271,661 $81,776,527 $120,823,284 

$/kW $163 $189 $213 $164 $242 
First Year Costs 

Fixed O&M $ $4,808,263 $5,208,226 $5,595,017 $4,788,488 $6,060,796 
$/kW-Yr 9.62 10.42 11.19 9.58 12.12 

Mills/kWH 1.69 1.83 1.97 1.68 2.13 
$/ton SO2 removed $397.8 $97.6 $72.4 $241.4 $56.9 

Variable O&M $ $4,542,732 $13,724,195 $22,229,418 $8,466,036 $32,837,602 
5/kW-Yr 9.09 27.45 44.46 16.93 65.68 

Mills/kWH 1.60 4.82 7.81 2.97 11.53 
$/ton SO2 removed $375.8 $257.3 $287.5 $426.8 $308.5 

Fixed Charges $ $18,201,627 $21,023,634 $23,698,580 $18,236,166 $26,943,592 
53.89 $/kW-Yr 36.40 42.05 47.40 36.47 

Mills/kWH 6.39 7.38 8.32 6.41 9.46 
$/ton SO2 removed $1,505.8 $394.1 $306.5 $919.3 $253.1 

TOTAL $ $27,552,621 $39,956,056 $51,523,016 $31,490,690 $65,841,990 
$/kW-Yr 55.11 79.91 103.05 62.98 131.68 

Mills/kWH 9.68 14.03 18.10 11.06 23.13 
$/ton SO2 removed $2,279 $749 $666 $1,587 $619 

Levelized Current Dollars 
Fixed O&M $/kW-Yr 13.09 14.17 15.23 13.03 16.50 

Mills/kWH 2.30 2.49 2.67 2.29 2.90 
$/ton SO2 removed $541 3 $132.9 $98.5 $328.5 $77.5 

Variable O&M $/kW-Yr 12.36 37.35 60.50 23.04 89.37 
Mills/kWH 2.17 6.56 10.63 4.05 15.70 

$/ton SO2 removed $511.4 $350.1 $391.2 $580.7 $419.8 
Fixed Charges $/kW-Yr 27.59 31.87 35.92 27.64 40.84 

Mills/kWH 4.85 5.60 6.31 4.85 7.17 
$/ton SO2 removed $1,141.2 $298.7 $232.3 $696.7 $191.8 

TOTAL $/kW-Yr 53.04 83.39 111.65 63.71 146.71 
Mills/kWH 9.31 14.65 19.61 11.19 25.76 

Mon SO2 removed $2,193.9 $781.7 $721.9 $1,605.9 $689.1 
Levelized Constant Dollars 

Fixed O&M $/kW-Yr 9.62 10.42 11.19 9.58 12.12 
Mills/kWH 1.69 1.83 1.97 1.68 2.13 

$/ton S02 removed $397.8 $97.6 $72.4 $241.4 $56.9 
Variable O&M $1kW-Yr 9.09 27.45 44.46 16.93 65.68 

Mills/kWH 1.60 4.82 7.81 2.97 11.53 
$/ton $02 removed $375.8 $257.3 $287.5 $426.8 $308.5 
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Fixed Charges $/kW-Yr 19.10 22.06 24.87 19.14 28.27 
Mills/kWH 4.76 5.50 6.20 4.77 7.05 

$/ton SO2 removed $1,122.2 $293.7 $228.4 $685.1 $188.6 
TOTAL $/kW-Yr 37.80 59.93 80.52 45.64 106.07 

Mills/kWH 8.05 12.15 15.98 9.43 20.72 
$/ton S02 removed $1,895.8 $648.6 $588.2 $1,353.2 $554.1 
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CUECost - Air Pollution Control Systems Economics Spreadsheet 

LSFO Material Balance - Preliminary Case 1 Coon 2 Case 3 Cast 4 Case 5 

Flue Gas, Downstream MID Fans 
Temperature 1F 295 295 295 295 295 
Pressure ut 52(5 10 10 10 10 10 
Flow Rate SCFM 1.307.230 1,224.629 1,229.791 1221.076 1.248.646 
Flow Rate ACFM 1.884.489 1.765.411 1772854 1760289 1.800.035 
CO3 lb/hr 1.120.920 1.045.412 1.055.110 1,047195 1.048.927 
542 0o1,r 4,084.072 4,052.345 4,051.258 4030.405 4,067.354 
502 IbItir 4,717 20,819 30,178 7,742 41.542 
02 327,881 318,571 	. 319,515 317 292 321 554 
MI 119hr 66 0 453 448 535 
Other Gases 119hr 1,425 2,268 2,238 1 873 2,030 
0120 560r 450,880 267,414 269,037 274 852 317,031 
Fly Ash 116hr 158 158 158 158 158 

Total Gras MY) 1,/hr 5999.062 5706,8211 5,737,788 5680,145 5 798 973 

Flue Gas, to Absorber 
Temperature °F 295 295 295 295 295 
Pressure M. H20 10 10 10 10 10 
Flow Rate SCFM 1.307,230 1224.629 1.229.791 122E076 1,248,646 
Flow Rate ACRIA 1,884.489 1,765.411 1,772.854 1.760.289 1,800,035 
CO2 113/hr 1.120.920 1,045.412 1.055.110 1.047495 1.048.927 
N2 1196r 4,084,072 4,052,345 4,061,258 4,030,485 4,067,354 
002 5,/hr 4,717 20,819 30 178 7,742 41.542 
02 1h/hr 327,881 318,571 319,515 317,252 321,554 
HC1 16/hr 66 0 453 448 535 
Other Gases lb/lor 1,425 2,268 2,238 1 873 2 030 
1120 450,880 267,414 169,037 274 852 317 031 
Fly Ash 158 158 158 158 158 

Total ( as only) lb/hr 5,989,962 5,706,828 5,737,788 5,680,148 5,798,973 

Flue Gas, from Absorbers (total) 
Temperature 12 127 127 127 127 127 
Pressure in. H20 4 4 4 4 4 
Flow Rate 0CF1/1 1.338259 1.330.939 1.344.225 1,312.604 1,356202 
Flow Rate ACF2/I 1.522.197 1.513.871 1.528.983 1.493,015 1,342.607 
C01 lb/hr 1,124.038 1.058.999 7873.078 1,052.818 1,076.362 
542 119hr 4,098.918 4,117,859 4,156,226 4094,849 4,198,083 
002 lb/hr 236 1,041 1 309 387 2 077 
02 331,239 333,389 340 995 322,763 351,122 
FIC1 lb/hr 0 0 0 0 0 
Other Gases lb/hr 1,425 2,268 2,238 1,873 2 030 
1120 lb/hr 527,513 519,173 521,357 516,412 522,285 
F13 Ash 16/10 158 138 158 158 158 

Total Ms only) 113/11, 6,083,369 6,032,728 6 097 402 5,949,102 6,151,960 

Heat Cepscitke 
02 138o/IbmPF 7 213 7213 7 213 7 213 7 213 
CO2 Btu/IbmoPF 9 354 9 354 9 354 9 354 9 354 
542 000/lbmoPF 6.999 5999 6.999 6 999 6999 
H20 BtudbmoPF 8.069 81..69 8.069 8 069 8.069 
NO BtunhcooPF 7.164 7 164 7 164 7.164 7.164 
502 BtuAbmoPF 9830 9830 9 830 9 830 9830 
I1C1 Btu/lbrooPF 6.951 5951 6 931 6 951 6.951 
02 litudIfF 0 225 0225 0 225 0 225 0 225 
CO2 1360191F 0.213 0 213 0 213 0 213 0 213 
502 Btu/1W 0 250 0250 0 250 0 250 0 250 
1110 FltuAIM 0.448 0448 0 448 0.448 0448 
140 Btu/lbT 0.239 0.239 0 239 0139 0.239 
002 BMAIM 0.153 0.153 0.153 6153 0153 
liCI Btu/IIM 0.191 0.191 0.191 6191 0191 
Reheated Gas Temperature: .c 66.7 667 567 66.7 667 

IC 339.7 3397 3367 3397 339.7 
FM) Outlet Temperature: ,,c 52.8 528 52.8 528 52.8 

IC 325.8 325.8 325.8 325.8 325.8 
Total Btuthr Btu/hr 39,352,032 39,051,550 39,445,509 38,529,571 39,782,120 

Dot Rehear Air 
Temperature °F 440 440 440 440 440 
Pressure ut. 1420 1 1 I 1 1 
Flom Rate SCFM 120,817 119.894 121,104 118292 122,137 
Flow Rate ACFM 212,274 210,654 212.779 207,838 214,594 
N2 113/hr 414,522 411.357 415,507 405,859 419 053 
02 16(hr 125,010 124,055 125,307 122,397 126 376 
120 lb/hr 7,106 7,052 7,123 5.958 7,184 

Total lb/hr 546,638 542,464 547,937 535,213 352,613 
Meet Corpadtks of Ilot Rehm Afr 

02 BblibmorF 7.332 7.332 7.392 7.332 7332 
142 13000bmoPF 7.113 7.113 7.113 7.113 7.113 
1120 BtuRbomPF 8338 8.338 8.338 8.338 8.338 
02 BturlIM 0.229 0.229 0.229 0229 0229 
542 B1uf0/7 0.254 0154 0.254 0.254 53254 
1120 BttalltM 0.463 0.463 0.463 0.463 0.463 
Heated Temperatme ,:c 2257 2261 226.7 2267 2297 

IC 4997 499 7 4997 499 7 499 7 
MD Outlet Temperature: °c 66.7 66.7 66.7 667 66.7 

K 3397 3397 3397 3397 3397 

CUECOSTSALS. LSFO Cost & Tech. Results 	 cdate.. etime. 
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CUECost - Air Pollution Control Systems Economies Spreadsheet 

Hest Caymans a Ala Reheat An 
02 131o/IbmorF 7.304 7.304 7.304 7.304 7.304 
512 BrufilimorF 7.007 7.087 7.097 7.087 7.087 
1120 BrunbruorF 8276 0276 8 276 8 276 8 276 

02 BtuillfF 0 228 0 228 0 228 0228 0 228 
142 Btu/1W 0 253 0 233 0 253 0 253 0 253 
1120 Bludb, 0.459 0.459 0 459 0.459 0459 
Fleeted Temperature: °C 226 7 226 7 226.7 2267 126,7 

K 499 7 499 7 499_7 499 7 499 7 
Met Au Temperance °C 267 26.7 26.7 26.7 26.7 

K 299 7 299 7 299_7 2997 299 7 

Remixed Heal Btwbr 49.190,039 48814.437 49,306,886 48161964 49,727,650 

Oxidation Air (total) 
Temperance °F.  60 60 60 60 60 
Pressure in H20 0 0 0 0 0 

Flow Rate 9CFM 4,326 19,090 27,672 7,099 38,092 

Flow Rate ACRA 4402 19,427 28 162 7,223 38,766 

812 0)2br 19,945 65.519 94.968 24.364 130729 

02 0b9r 4,477 19.757 28.640 7,30 39.423 

8120 593, 251 1.109 1 607 412 2.212 
Total (gas only) 11618 19.574 86.380 125 215 32.124 172,366 

Limestone to Ball Mill 
Temperance 'V 80 80 eo RO 110 
Wt99 Sohds 101.16 100% 100% 100% 100% 100% 
Inert, 363 1,600 2,319 625 3,193 
CaCO3 7,332 32,445 47,031 12,680 64,741 

Total lb/hr 7,715 34,045 49.351 13,306 67,934 

Limesame Shiny to Limestone Slurry Tank 
Temperature .F 90 90 90 90 90 
Flow Rate GPM 27.5 121.5 176.1 47.5 2424 
Wt % Solids wt. % 40% 40% 4096 40% 40% 

Innis Ildhr 363 1,600 2,319 625 3,193 

CaCO3 7,332 32.445 47,031 12.680 64,741 
1120 lb/hr 11 572 51 067 74 026 19 959 101 901 

Total lb/hr 19,286 85 112 123 377 33,265 169 835 

Limestone Mutry to Reaction Mix Tank (total) 
Temperance °F 68 68 68 68 68 
Flow Rate GPM 692 283.5 410.9 1108 565.7 
9/1.% Solids sot 53, 20% 20% 20% 20%. 20% 
lmrts lb/hr 363 1.600 2.319 625 3.193 
CaCO3 lighr 7.352 32.445 47.031 12,680 64.741 
0120 Ibibr 30,858 136.180 197.403 53223 271,737 

Total lb/hr 38.573 1713.224 246,754 66.529 339.671 

Usury to Absorber 
Temperance °F.  126 126 126 126 126 
Flow Rate GPM 187,950 104.676 188.788 164.347 190,470 
Wl % Sohds 13% 15% 15% 15% 15% 
C403'1/21120 Ililla 0 0 0 II 

Ca5002H20 RVIc 15.305,569 85316790 15.372,869 14,529.608 15.511.676 
Inerts lb/hr 460.753 256.809 462.779 459,676 466958 
CaC12 126.934 137,528 500,954 118.995 
CaCO3 INN 330.414 247,961 322,816 422,329 343,564 
1120 0,/hr 91.934,133 51.201,501 92,343,963 90,171,667 93,166,760 

Total lb/hr 108.157,803 60,237,060 108.639,956 106.084,314 109.607,953 

S'Iurry from Mtn Tank to Thickener 
Temperature 126 126 126 126 126 
Flow Rate GPM 147 9 652 2 9402 250 8 1302.4 
Wt % Solids wt. % 15% 15% 15% 15% 13% 
C6039 /2H20 UM 0 0 6 0 

Ca904.21420 2650 12,044 53.153 77.050 19,767 106064 
hens INN 363 1.600 2,319 625 3,193 
CaCl2 light 100 689 682 814 
CaCO3 3,/hr 260 1.345 1 618 575 2,399 
1420 11,/1r 72,346 319,029 462,836 122,675 637,044 

Total Ib/hr 85,113 375,323 544,513 144,324 749,463 

LSFO Equipment Capital Costs Case I Case 2 Case 3 Case 4 Case 5 
Cat Bath Irma 1998 1998 1998 1998 1998 

juonc Creterx 

Reagent Feed System $ knob Ram. 87.615,954 88,944.722 89,511,755 $7,942,769 SI 0.056,763 

Ball Mdl & Hydroclone System $ TPI1 Reag. $1,941,841 $2,245,942 $2,427,960 $2,005,463 52,654,131 

DBA Acid Tank (pump, beater. agitator) S RM. DBA $O $249,991 $0 $0 SO 

SO2 Removal System $ knish 502 02,065,415 82,556,256 02,808,289 $2,163,922 53,0118,929 , 

Absarber Tower $ kACFM 816.158.565 315.574.725 315.611.708 515.545,2)3 115746.210 Caaslated Nember of Sorey Pumps 

Spray Pumps S shiny Rpm $2,412,210 $3,384,548 02,418,607 82,384,569 52,431,415 5 3 5 3, 
Flue Gas Handling System $ • 86.778.862 06,636.725 56,656349 56,616,893 $6.695,850 

ID Ems s ACFM 02,318,006 $2,216,762 $2,223,151 $2,212,359 $2 246 416 Celaddred No. of ID nuts and rue Gas Flaw per Fel 

W.Ste 1 Byfroducl Handling System S kaph 502 019,045 8I16,165 0130.964 $94,300 $147.976 995.632 932,720 936.632 930.014 	951,012 

Thickener System $ TPH solids $172,133 8368,431 8482,872 $212,183 $621 501 2 2 2 2 ,..ii..... 
Suppon Equipment $ MW $1,945,399 $1,943,399 $1,945,399 $1 945,399 331945399 

hmm ACFM 722 54,654 190 $4 669 652 $4 ft17 682 S4,683i5 04   u  nmermiii $ 
$ S46,160,051 $46.893,857 049885,706 $45.759.773 $50.318 129 

• Based on MN gar .• flew and nthae v ernoensnee. 

Capital Costs with Retrofit Factors 
Reagent Feed Syst.ra 5 $9,900.611 $11.628,139 $12.365,282 $10.325,600 $13.073,837 

Ball Mill & Hydroclone System $ 12,524,393 32.919,725 $3,156,348 $2.607,102 53.450 371 
DBA Acid Tank (pump, heater, agitator) 0 30 0324,989 00 $O $O 

S02 Removal System $ $2,605,030 $3,323,133 83,650,776 $2 813,098 $4,015,607 
Absorber Tower $ $21,006,134 $20,247,143 $20,295,221 $20.214,003 820,470,073 

Slug Pon1M1 5 83,135.873 $1,799,912 $3,144,189 83089.939 $3 160 839 
Flue Gas Handling System $ $8.812,521 $11.627.742 58.651,953  

$2,890.097 

$8,601 961 

$2,876,067 

$8,704 606 

$2.920,341 ID Fans $ $3,013,407 $2 881,790 

CUECOSTIXLS, L$F0 Cost 8 Tech. Reed% 
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CUECOst - Air Pollution Control Systems Economics Spreadsheet 

este / Byproduct Handling System $ $115,758 5151,015 $170,253 $122,590 $192,369 
Thickener System $ $223.773 $478.961 $627,733 $275,838 $807,951 

•upport Equipment $ $2,529,099 $2,529,019 $2,529,019 $2,529,019 $2,520,019 

Chimney $ $6.061.539 $6.050.447 56 (970.548 $6.022.487 $06 088.555 
TOTAL $ $60.008.067 $60.962,014 $63.551,418 $59,487,705 $65.413.567 

eneral Facilities 
' 	. gent Feed System $ 090.061 $1.162.814 $1,236,538 $1,032,560 S1.307,384 

Ball Mill & Hydroclone System $ $252,439 $291,972 $315,635 1260,710 $345,037 

DBA Acid Tank (pump, heater. agitator) $ $0 $32,499 $0 $o $0 
. 8 2 Remote] System $ $268,504 $332,313 $365,078 $281,310 $401 561 

Absorber Tower $ $2.100,613 $2,024.714 32,029,522 $2,021,400 82007.087 

Smay Pumps $ $313.587 $179.991 $314.419 $309.994 $316,084 

ue Gas Handhng System $ $881,252 $862,774 $865,195 $860,196 $870,461 

11) Fans $ $301,341 $288.179 3289.010 $287,607 $292,034 

0ole / ByProduct Handling System $ $11,576 $15,101 $17,025 312 259 519,237 
Thickener System $ $22,377 $47,896 $62.773 $27,384 $80,795 

•upport Equipment $ $252,902 $252,902 $252,902 052.902 $252.902 
Chimney $ ,.,5 	5, - 

TOTAL S $6,000,807 $6,096,201 $6,355.142 $5,948,770 $6 541 357 

neineering Fees 
' agent Feed System $ $990 061 $1 162.814 $I 236.528 $1,032,360 $I 307384 

Ball Mill & Hydroclone System $ $252,439 $291,972 $315,635 $260,710 $345,037 
DBA Acid Tank (pump, heater, agitator) $ $0 $32,499 $O $O $0 

,02 Removal System 5 $2268 504 $332,313 $363.078 $281.310 $401,561 
Absorber Tower $ $2,100,613 $2,024,714 $2,029,522 $2,021,400 $2,047,007 
Spray Pumps $ $313,587 $179.991 $314.419 3309.994 $316,084 

ue Gas Handling System $ $881,252 $862,774 $865.195 $860.196 $870,461 
ID Fans S $301,341 $288,179 $289,010 $287,607 $292,034 

age / ByPrOduct Handling System $ $11 576 $10,101 $17.025 $12.259 $19,237 
Thickener System 5 $22,377 $47,896 $62,773 $27,584 $80,795 

•upport Equipment $ $252,902 $252.902 $252,902 $252,902 $252 902 
Chimney S $606.154 $605 045 $607 055 $602,249 $608 855 

TOTAL 5 $6,000 807 $6,096,201 $6,335,142 $5 948,770 $6 34 I 357 

ontineency 
• . gent Feed System S $1,980,122 $2,325,628 $22,473,056 $2,065,120 $2,614,767 

Ball Mill & Hydroclone System $ $504,879 $583,945 $631.270 $521,420 $690.074 
DBA Acid Tank (pump, heater, agit81.0 S $O $64,998 $O $O $O 

. 8 2 Removal System $ $537,008 $664,627 $730,155 $562,620 $803,121 
Absorber Tower S $4.201.227 $4,049.429 $4,059.044 $4.042 801 $4,094.015 

SWay FomPs $ 027,175 $359,982 $628,838 $619,988 $632,168 
in Gas Handling System $ 31 762.504 $1,725.548 $1.730,391 $1,720.392 $1,740,921 

ID Fans $ $602,681 $576,358 $578,019 $575,213 $584,068 
aste / BYMOduct Handling System S $23,152 $30,203 $34,039 $24,518 $38,474 
Thickener System $ $44.755 $95,792 5125,547 $53.168 $161.590 

%import Equipment S $505,804 $505 804 $505,804 $505,804 $505 804 
Chimney 5 $1 212.308 $1.210 089 $1.214.110 $1 204.497 $1 217 711 

TOTAL $ $12,001,613 $12.192,403 $12.710,284 $11.897,541 $13.082,713 

I otal Mani Cost (TPC) $ $084,011 293 $85,346,820 $88,971,983 183,282 786 $91 578 994 
, ad Pfau Cart 070 uo,  Prime Contractor's Market $ $86,531,632 $87907,225 $91.641.143 $85.781,270 $94326,364 
I old Cask Expended (TCE) $ $84,035 762 $85,371,679 388,997 899 $83,307,044 $91.605,668 

' How for Funds During Constr. (AFDC) $ $9.214.163 $9,360,640 $9,758,240 $9,134,262 010044,171 

I otal Plant Investmeat (TPI) S $93,249,925 $94,732,319 $95,756,139 $92,441,305 $3101,649,108 

Preproduction Costs S $2,764,994 *3.030.143 $3,272,655 $2,793.123 $3,510,482 
InvonkHy Capital $ $83,317 $367,683 $532,989 $143,703 $733,689 

? otal Capital Retptirement (7rR) s $96,698,236 $98,130,146 3102,561,784 $99,378,831 S105594,010 
S/kW $192 $196 $205 $191 $282 

aintenance Cost by Area Casel Case 2 CaSe 3 CaSe 4 Case 5 

/ . 	w/o Retrofit Fader 
• agent Feed System $ $10,966.830 $12.880,400 $13.696,927 $11.437,588 $14.481,789 

Ball Mill & Hydroclone System $ $2,796,250 $3,234,157 $3,496,262 $2,887,867 $3,821,949 

DBA Acid Tank (pump. heater. agitator) $ $0 $359,988 $O SO $0 
. 0 2 Removal System 5 $2,974,198 $3,681.009 0,043,936 0,116,047 $4448,057 

Absorber Tower $ $23,268,333 $22,427,604 $22,480,860 122,390,896 $22,674,542 
Spray PomPS $ 33,473 583 $1,993.749 $33,482.794 $3,433,779 $3,501.237 

lue Gas Handling System $ $9,761,562 $9,556,883 0,583,702 $9,528,326 $9,642,025 
ID Fans $ $3.337.928 $3,192,137 03,201,338 $3,185,798 $3,234 839 

aste / Byproduct Handling System $ $128,224 $167,278 $188,588 $135,792 $213.086 
Thickener System $ $247,871 030,541 $695,335 $305,544 $894 961 

•aDPOrt Equipment $ $2.801,375 $2,801,375 $2,801.373 $2,801,375 $2,801,375 
Chimney $ 86.7141 5 , 	• 	034 $55 724 79' • 671 061 $6 744.245 

TOTAL $ $66,470.474 $67,527,154 $70.393,417 563.594,073 $72.458,105 

st Year Maintenance Costs 
gent Feed System $ $348,342 $644,020 $684,846 $571,879 $724,089 
Ball Mill & Hydroclone System $ $159,913 $161,708 $174,813 $144,393 $191.097 
DBA Acid Tank (pump, heater, agitator) T $0 $17,999 $0 $0 SO 

•02 Removal System S $148,710 $174,848 $202,197 $135,802 $222,403 
Absorber Tower S $1,163,417 $1,065,311 01,124,043 $1,119,545 $1,133 727 
Spray Pumps $ $173,679 $94,703 $174,140 $171,689 $175 062 

se Gas Handling Syslmn $ $488,078 $477,844 $479,185 $476.416 $482,101 
ID Fans S $166,896 $159,607 $160,067 $159,290 S161,742 

tate / Byproduct Handling System $ $6,411 $8,364 $9.429 $6.790 $10,654 
Thickener System $ $12.394 $26.527 $34,767 $15,277 $44 748 
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CLJECost - Air Pollution Control Systems Economics Spreadsheet 

Support Equiptnem $ 5140.069 $140,069 $140,069 $140,069 $140 069 

Chimney 3 $335316 $335.102, $136 215 $333 553 $337 212 
TOTAL $ $3323524 $3,306,102 $3519,771 $3294,704 $3,622,905 

LSFO O&M Data and Costs Casel Case 2 Case 3 Case 4 Case 5 
Cast Barb (Year) 1998 108 1998 1998 1998 

Parameters 

Reagent Required Rehr 7.715 34.045 49351 13.306 67,934 

164/150/03to 1.969 6.985 9.400 2034 12940 

DBA Required lbs/hr 00 197.8 ao 00 00 
Percent S02 Removal 94 95% 95% 95% 95% 95% 

FGD Sludge to Disposal Om®, dry 12,767 56298 81,677 21,649 112 420 

Steam to FGD System 1170® 57523 57,084 57.659 56.321 58.151 
Total FGD Power Commandos kW 10,00)) 8,231 10,000 10,000 10,090 

FGD %product lbals V 0 u u 0 

)11xed O&M Costs 
Niunber of Operators 28 28 28 28 28 

(40 brsiweek) 

Operating Labor Cost .. S/vr $I 755 068 $I 755,068 $1,755,068 $1,755,068 SI 755 068 

Maim. Labor & Mails. Cost $3,323,574 13.306.102 $3,519,771 $3,294,704 $3,622.905 
Admin. & Support Labor 0/Vr 592594 5923 252 893 .....ka $921 885 5961 269 

TOTAL 5/yr 86,003,934 $5,984,422 $6,223.731 85,971,656 56.339.242 

Variable Oneratine Costs .i. 
Reagent Costs Styr $329,449 51,453.886 $2,107,528 $568,224 52,901,12') 
DBA Costs S/yr $O $242,119 $O SO $0 

Disposal Costs 3/vr 5218,086 5961,690 $1,395,205 $369 801 81,920 350 

Credit for Bsproduct 5/sr $o $o $o so so 
Steam Costs $1,146,372 11,137,610 $1,149,095 $1,122,412 $1,158,901 
Passer Costs Sisr SI 423 500 $I 171 68 S. 1 471500 SI 423.5® 

TOTAL Sivr 53,117,407 $4,966 997 56 075 328 $3,483,938 $7,403,880 

•• These costs aaaome mons are in current dollars nu escalation a chided I. 

Intermediate Material Balance Cala. Casel Case 2 Case 3 Case 4 Case 5 

SNOW Reacdon 
002 Ibmole/hr 6396 300.72 447.52 114.81 616.03 
CaCO3 Ibmole/hr 69,96 308.72 447.52 114.81 61603 
1420 Ibroole® 34.98 154.36 223.76 57.41 308.02 
C0S03•1/2H20 1bmole/hr 6596 308.72 447.52 114.81 616,03 
CO2 Ibmole/hr 69.96 308.72 44752 11431 616.03 
S02 0,/hr .4;482 19,778 28,669 7,355 39,465 
CaCO3 lb/hr 7,002 30.900 44.792 11.491 61.658 
1120 0./hr 630 2.781 4,031 1.034 5.549 
C35039/20120 1167,0 9,035 39.871 57.797 14.828 79.561 
CO2 11b/hr 3.079 13.587 19.695 5.053 27.112 

Suffer& Readion 
CO503.1/21120 Ihrnole/3r 69.96 308.72 447.52 114.81 61605 
02 Ibrnole/hr 34,98 154.36 223.76 57 41 308.02 
1120 Ibmole/hr 104.93 463.00 671.28 472,22 924,05 
C880421120 110noleThr 69.96 308.72 447.52 114.81 616.03 
Ca5039/21120 lb/hr 9,035 39,871 57,797 14,828 79,561 
02 Ib/hr 1,119 4,939 7 160 1 037 91156 
1120 117/hr I 890 8,343 12.093 3,103 16,647 
0:1504 721120 Ib/hr 12,044 53.153 77.050 19,767 106,064 

Water in Absorber 
Mole Fraction H20 in Absorber % 01309 0.1389 0 1389 0.1389 0.1389 
Moles H20 in Altrorber Ihmole 29,230.42 28,818.36 28,933.38 28,658.96 28,983,81 

DBA Feed Caladalkns 
502 Removed Orathr 4 482 19 778 28.669 7,355 39,465 
DBA Added lbs/hr 0.00 197.78 0.00 0.00 0,00 
DBA Added OPM aoo 0 26 0.00 006 000 
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CUECost - Air Pollution Control Systems Economics Spreadsheet 

LSD Material Balance - Preliminary Caul Case 2 Case 3 Case 4 Case 5 

Flue Gas, Downstream of Air Heater 
Tmmetature °F 300 300 300 300 300 
Pressure na H20 -12 -12 -12 -12 -12 
Flow Rale SCFM 1,307,230 1,224429 1,229,791 1221,076 1,248,646 
Flow Rate ACFM 2,004,451 1.877.793 1,885 709 1,872,346 1.914,621 
CO2 8b/hr 1.120,925 1045.412 1,055310 1,047.455 1.048,927 
342 11Clu 4,084,072 4,052,345 4,061258 4.030.485 4,067.354 
502 lb/hr 4,717 20,819 30,178 7.742 41,542 
02 Ibthr 327,881 318,571 319.515 317.252 321.554 
HCI lb/hr 66 0 453 448 535 
Other Gases lb./hr 1,425 2.268 2.238 1,873 2,030 
1120 lb/hr 450,880 267,414 269,037 274.852 317.031 
Fla Ash Ibrhr 28,389 30.323 46,955 58,970 67,686 

Total /sea only) lb/11r 5,989.962 5.706,828 5,737,788 5,680,148 3798.973 

Flue Gas, to Spray Dryer 
Temper.. °F 300 300 300 300 300 
Pressure Ur. 1120 -12 -12 -12 -12 -12 
Flow Rate SCFM 653,615 612,314 614 896 610 538 624,323 
FIONV Rate ACFM 1,002,225 938,897 942 855 936,173 957,310 
CO2 lb/hr 560,460 522,706 527,555 523,748 524,464 
N2 lb/hr 2,042,036 2,026 173 2,030,629 2,015,242 2,033,677 
502 Ibilw 2,359 10,409 15,089 3,871 20,771 
02 16Thr 163,941 159285 159,757 158,626 160,777 
HC1 Ilahr 33 0 226 224 267 
Other Gases 11,11,, 713 1,134 1,119 937 1,015 
1120 Ibrhr 225,440 133,707 134,519 137,426 158,516 
Fly Ash lb/hr 14,195 15,161 23 478 29,485 33,843 

Total (gas only) Ilahr 2,994,981 2,853,414 2,868,894 2,840,074 2,899,487 

Flue Gas, from Spray Dryers (total) 
Temperature 147 147 147 147 147 
Pressure in 6120 -17 -17 -17 -17 -17 
Flow Rate SCFM 1402,194 1292.636 1,313,499 1282.055 1302,767 
Flow Rate ACFM 1,739,624 1.603.701 1.629,584 1,590,574 1.690.212 
CO2 lb/hr 1,120,920 1.045,412 1,055.110 1.047,495 1,048.927 
112 4.084,072 4.052345 4.061,258  

8,450 
4,030,485 

2.168 
4.067,354 

11,632 002 1,321 5829 
02 327.669 317,635 318,158 316,904 319.686 
HC1 lb/hr 0 0 0 0 0 
Other Gases lb/hr 1,425 2268 2238 1.873 2.030 
H20 IbThr 722,080 465,318 514,057 450,071 650.130 
Fly Ash lb/hr 145,108 113,894 152,302 127,651 213.405 

Total (gas only) lb/hr 6,257.488 5,888,807 5.959221 5.848,996 6,099,759 

Flue Gas Downstream o (Parikulate Co Wrol Deyir 
Temperature °F 147 147 147 147 147 
Pressure in. 1120 -23 -23 -23 -23 -23 
Flow Rate SCFM 1,401.065 1,291.423 1.311.832 1280,993 1,360.044 
Flow Rate ACFII 1.765.867 1.627,677 1,653.399 1,614.531 1,714.166 
CO2 lb/hr 1.120.920 1,045,412 1.055.110 1.047.495 1.048,927 
N2 lb/hr 4,084,072 4.052,345 4.061258 4.030,485 4.067,354 
202 11Chr 472 2,082 3.018 774 4.154 
02 lb/hr 327,616 317,401 317,819 316,817 319219 
1801 lb/hr 0 0 0 0 0 
Other Gases lb/hr 1,425 2,268 2.238 1,873 2.030 
0120 lb/hr 719,134 463,050 510,979 447,489 645,884 
Fla Ash UN 158 158 158 158 158 

Total (8. ray) Mu 6.253,639 5.882,558 5,950,421 5.844,934 6,087,569 

Flue Gas Downstream of ID Fans 
Tentperartus °F 152 152 152 152 152 
Prem. M. H20 1 I 1 1 1 
Flow Rate SCFM 1,401,065 1,291,423 1,311,832 1,280,993 1,360,044 
Flow Rate ACFM 1,673,929 1542,033 1,567,317 1,530,472 1,624,919 
CO2 11C46 1,120,920 1045,412 1,055,110 1.047,495 1,048,927 
012 lb/br 4,084,072 4,052,345 4,061,258 4,030,485 4,067,354 
502 IbAc 472 2,082 3,018 774 4,154 
02 Lahr 127,616 317,401 317.810 316,817 319,219 
HCI 16/hr 0 0 0 0 0 
Other Gases Bohr 1,425 2,268 2,238 1,873 2,030 
1120 lb/hr 719,134 463,050 510,979 447,489 645,884 
F13 Ash lb/hr 158 158 158 158 158 

Total cnas only) 1b9c 6253,639 5,882,558 5,950,421 5,844,934 6,087,569 

Lime io Ball Mill 
Temporal,,, 1' 60 60 60 60 60 
WI.% Solids al % 100% 100% 100% 100% 100% 
hurts lbilu 421 3,037 5,151 761 7,824 
Ce0 lb/hr 3,792 27,336 46,359 6,847 70,417 

Tolal 11Chr 4,214 30,374 51410 7,608 78341 

Water ter Ball Mill 
Toomeran. °F 60 60 60 60 60 
Flow Rale GPM 28 200 339 50 516 
Wt.% Solids wt. % 0% 0% 0% 0% 0% 
1120 Ibihr 13.893 100,144 169,832 25,085 257,967 
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CUECOst - Air Pollution Control Systems Economics Spreadsheet 

Total 0W1,r 13 993 100,144 169,832 25 085 257,967 

Lime Slurry to Head Tanks (Total) 
Temperature •F 110 110 110 110 110 
Flow Rate GPM 28 201 34(6 50 517 
W1% Solids vil % 30% 30% 30% 30% 30% 
C1301112 IbThr 5,011 36,118 61252 9,047 93 038 
bulls 1Whr 421 3,037 5,151 761 7124 
1120 11Uhr 12,675 91 362 154,939 22,885 235.346 

Total 11Phr 18,107 130,517 221.342 32.693 336.208 

Lime Slurrs from Head Tank 
Temperature II 110 110 110 110 110 
Flow Rate GPM 279 190 240 167 337 
Wt.% Solids wt. % 36% 33% 32% 35% 32% 
Ca003.1/2H20 lb/hr 10,343 6,407 4,472 4,535 4.621 
CO504•2H20 16/hr 4 596 2 847 1 987 2,015 2004 
Flyash / Inerts 16/hr 47,058 9 433 8,560 26 716 10,575 
Cat011)2 lb& 2,612 21.727 34.495 4,848 51.560 
CaC1.2 lb/hr 4.072 2,059 1.403 1,967 1,248 
1120 IWhr 12(183 84.377 107,767 73.120 151.805 

Total lb/hr 189.965 126.850 158,684 113,202 221,864 

Lime Slurry WA/Pinker 1 

Temperature °F 104 104 104 104 104 
Flow Rate GPM 306 217 268 194 
Wt% Solids wt % 14% 30% 29% 31% 30% 
CaSOP 1/21120 16/hr 10,343 6,407 4,472 4,535 4,621 
C5SO4•21120 16/hr 4,596 2,847 1,987 2,015 2.054 
iiyash / Wats lb/hr 47,058 9,433 8,560 26,716 10,575 
Ca(011)2 lb/hr 2,612 21,727 34,495 4,848 51,560 
CaC12 1Whr 4 072 2,059 1,403 I 967 1,248 
1120 16/hr 135,853 99,947 122,337 87,690 166 375 

Total 204 535 141,420 173,254 127772 236454 

Solids fiom SpraY Dryers (Taal) 
Temperature °F 150 150 150 150 150 
Wt.% Solids wl % 98% 98% 98% 98% 98% 
CaS03.1/21120 Ibibr 2.582 3,548 4183 1,750 5,456 
CaSO4•21120 lb/hr 1,147 1.577 1,859 778 2,424 
Flyash / Wats 16/hr 12,171 4,911 5,854 10,695 8.226 
Ca101112 123 2,612 4,338 279 6.792 
CaC12 100 0 689 682 814 
1120 0b/hr 329 258 345 289 484 

Total Ibilir 16,452 12,913 17,268 14,473 24,196 

Saghouse/ESP Solids to Recycle 
Particulate Removal Ffliciency % 99.89% 99.86% 99 90% 99 88% 99_93% 
Temperature `T 150 150 150 150 150 
WI % Solids wt. % 98% 98% 98% 98% 98% 
C.103°1/21120 11,/hr 18,104 9,265 4,762 7,320 3,787 
CaSO4.2H20 lb/hr 8,045 4,117 2,116 3253 1,683 
Tlwoh / Inert, 81,524 10,910 6,115 41,977 5,100 
Ca(OH)2 lb/hr 91 4,725 3,401 370 3,290 
CaC12 lb/hr 8,045 4,117 2.116 3,253 1,683 
1110 lb/hr 2 199 592 335 1,080 283 

Total lb/hr 109,963 29,610 16,729 54,000 14,143 

Recycle Solids to Slurry Tank 
Temperature .F 150 150 150 150 150 
Wt.% Solids wt. 56 98% 98% 98% 08% 98% 
Ca503.1/21120 11,/hr 20.686 12,513 8,945 9.070 9243 
CaS0021120 llehr 9,192 5,694 3975 4,031 4.107 
Flyash 1 Wats IlAr 93,695 15.829 11,969 52.672 13,326 
Ca(OH)2 lb/hr 214 7,336 7,739 650 1.0,081 
CaC12 lb/br 8,145 4 11 7 2 805 3,935 2490 
1120 16/hr 2,528 850 680 1,369 767 

Total 134,460 46,640 36,113 71.726 40,021 

Slowdown Water to Recycle Solids Tanh 
Temperature 'F 60 60 60 60 60 
Flow Rale GPM 454 153 120 244 135 
W15) Solids at % 0% 0% 0% 0% 0% 
1320 Rehr 217,362 76,541 59,914 121 986 67,498 

Total 16/hr 227,362 76,541 59 914 121,986 67 498 

Recycle Slurry to Head Tanks (Total) 
Taiwan. °V 110 110 110 110 110 
Flow Rate GPM 536 182 142 287 159 
Wt % Solids wt % 35% 35% 35% 35% 35% 
CaSOP 1/2H20 lb/hr 20,686 12,813 8.945 9,070 9,243 
CaSO4.2H20 lb/hr 9,192 5,694 5975 4,031 4,157 
Flyash / bens lb/hr 93,695 15.829 11,969 52,672 13,326 
Ca(OH)2 lb/hr 214 7,336 7,739 650 10,081 
COCO lb/hr 8,145 4,117 2,805 3,935 2,496 
1320 Ibilw 229,891 77,392 60,594 123,355 68,264 

Total 361,823 123,112 96,026 193,712 107 519 

Drh Solids 
Temperature lIF 100 100 100 100 100 
Wt.% Solids wt. 94 98% 98% 98% 98% 98% 
CaSO371/2H20 lb/hr 6,394 28.278 41,050 10,513 56,576 
CaSO4•21120 lb/hr 2,841 12,566 18242 4,672 25,141 
Flyash / inert, Ibthr 25691 33,299 52,023 59,604 75,384 
Ca(OH)2 32 14,420 29,321 532 49,148 
CaC12 lb/hr 200 0 1,379 1.363 1.627 
H20 1Whr 777 1.807 2,884 1551 4.226 

Tobil Ibihr 38,934 90,370 144,899 78235 212103 

Solids to Landfill 
Temperature °F 100 100 100 100 100 
Wt.% Solids %et % 80% 80% 80% 80% 110% 
Ca803 . 1/2H20 0,/hr 6,394 28,278 41.050 10,513 56,576 
C8004'21120 Ilithr 2,841 12,566 18,242 4,672 25,141 
Flyash 1 Weds Rehr 28,691 33,299 52,023 59,604 75 384 
Ca(01112 161r 32 14,420 29,321 532 49,148 
CaC12 lb/hr 200 0 1,379 1,363 1 627 
1120 9,539 22,141 35,504 19,171 51 969 

Total IA, 47,697 110,704 177,518 95,856 259,846 
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LSD Equipment Capital Costs Case I Case 2 Case 3 Case 4 Case 5 
Coo BasIs (Year/ BIS DM 1008 1 Pfd DM 

Zone Crnera 
Reagent Feed System $ • 54,690,432 $9,322352 S11,988.374 $5,311,035 $17,599,019 

S02 Removal System 3 Wt. 56 5 $1.596,996 $1443,732 31452,641 31,509,905 31,471,138 

Spray Dryers kACFM $17,550,564 $17.154,942 $17,181,947 317,136,180 517277,997 

'lee Gas Handling System I kACFM $5,219 175 34,991,444 35,028,992 $4,971,738 35,120,125 Caleaktol No e(l!) axe eta rae Gar Fier per Fan 
ED Fans 3 ACFM $I 715.355 $1,622,354 $1.639 832 $1,613.358 $1680 831 1,765,867 1 627,677 1 653 399 1 614,531 1,714.166 

Waste / Byproduct Handling System $ 1mph SO2 11,049.229 62,376,002 53,390.950 31,176.161 34.251,699 1 1 I 1 

Snoops ErnriPment $ MW $2,404,066 $2,404,066 $2,404,066 $2,404,066 $2,404,066 
Chimney $ ACFM 54.813.027 64.683,835 54 708.421 34.671.170 34,765508 

TOTAL $ $39 038 843 043,998.707 148,795,223 $38,793.613 354,571244 
• Sweden ibehrofienefeed end GPI! of lens slurry, 

Capital Costs with Retrofit Factors 
Reagent Feed System $ 36,097,562 312.119,057 316,884.886 36.904.346 $22,879.643 

$02 Removal System 32 076 095 $1,876,852 41,888,433 $1,962,876 $1,912,479 

Spray Dryers $ 322515.733 $22 301 424 $22 336,531 S22277 034 $22 461396 
Flue Gas Handling Systern $ 56,784,928 86.488.878 36,537,689 86.463,259 36.656.163 

ID Fans 5 32,229,961 $2,109,094 $2,131,781 32.097,365 $22,189.081 
Waste / Byproduct Handling System $ $1,363.998 53,088,802 $4,408,235 $1,529,019 $5,527209 

501590n 51911.0601 $ $3,125,286 $3.125,286 $3,125,286 $3,125,286 53.125286 
Chimney $ 56156.935 36 088 986 66.129949 56 072 521 56 195 161 

TOTAL $ $50,750,496 $57,198,319 363,433.790 $50,431.697 $70,942 618 
, 

General Facilities 
Reagent Feed System $ $609,756 $1,211,906 51,688,489 5690,435 52,287,984 
S02 Removal System $ 3207 610 $187.685 $188,843 $196,288 $191,248 

Spray Dryers $ 32281,573 52230 142 $2,233,653 32,227,703 $2.246,140 
Flue Gas Handling System $ 5678 493 5648 888 $653,769 $646,326 $665,616 

ID Fans $222 996 $210,903 $213 178 5209.736 $218308 
Waste / BYProduci Handling System 3 $136,400 3308 880 3440 823 $152,901 3552,711 

SM7Port Equipment $ $312 529 $312,529 $312,529 $312,529 $312,529 
Chimney 3 $625 693 $608 899 $612 095 $607252 $619.516 

TOTAL $ $5,075,050 $5,719,832 $6,343,379 $5,043,170 37,094,262 

Engineethtg Fees 
Reagent Feed System $ $609,756 81,211.906 $1.688,489 $690,435 52287.984 
502 Removal System $ $207,610 $187,685 $188,843 $196288 $199,248 

Spray Dryers $ $22281.573 $2230,142 $2233,653 $2227,703 $2,246,140 
Flue Gas HancEing System 3 3678.493 $648.888 $653,769 $646,326 $665,616 

ID Fans $ $222,996 $210,903 $2213 178 $209,736 $218,508 
Waste / Byproduct Handling Sy stem $ $136,400 $308,880 $440,823 $152,901 5552,721 

SUPPOrt Equipment 3 $312,529 $312,529 $312,529 $312.529 $312.529 
Chimney 0615 693 0608 899 9617 095 3607.252 $619,916 

TOTAL $5,075.050 $5,719,832 $6,343,379 $5.043.170 $7,094,262 

Contingency 
Reagent Feed System 3 $1,218,512 $2,423,811 $3,376,977 $1,380,869 $4,575,969 

' 2 Removal System 3 3415219 $375,370 $377,687 $392,575 $382.496 
Spray Dryers $ 34 563 147 34,460,285 34,467,306 $4,455,407 34 492,279 

Flue Gas Handling System 3 $1,356,986 $1,297,776 $1,307,538 $1,292,652 $1.331,233 
ID Fars $ 3445.992 $411,807 $426.356 $419,473 5437,016 

Waste / Byproduct HamIling System $ $272 800 $617,760 $881,647 $305,801 $1,105,442 

Sem,* EquiPmeM $ 3625 057 $625,057 $625,057 $625,057 $625,057 
Chimney 5 $1.251,387 31217.797 $I 224.190 $1.214.504 51239,032 

TOTAL $ $10,150,099 $19,439,664 $12,686,758 $10,086,339 $14,188,524 

Total Plant Cost (TP1) 1 $71,050,695 $80,077,646 $88,807,306 $70,604,376 $99,319,665 
Total PliuU COSI aPC) yr/ Prime Contractor:1M 3,  $73,182,216 $82.479,976 $91,471,525 $72.722.508 3102299255 

Total Cash Expmded (TCE) $ $71,071,389 $80,100,970 $88,833,172 $70,624,941 $99,348.593 

Allow. for Funds During Constr. (AFDC S $7,792,675 $8,782,730 $9,740,178 $7,743,723 $10 893 149 

Total Plant Investment (7PI) $ $78,864,064 $88,883,700 $98,573.350 $78,368.664 0110241,742 

Preproduction Costs $ 52,560,371 $3,971,205 35,287,644 33.051,803 $66,919,890 
Inventory Capital 5 $197108 $1,421,483 $2,410,666 3356.060 $3.661,691 

Total Capital Requirement ITO?) $ $81,621,644 594,276,387 $106,271,661 $81,776,927 S120 823,284 
3/1cW $163 $189 $213 $164 $242 

Maintenance Cost by Area Case 1 Case 2 Case 3 Case 4 Case 5 

27'C et,o Refrojd Fedor 
Reagent Feed System $ 56,754,222 $13,424,187 518,703.258 37,647 891 525 343,826 
302 Removal System $2,299,675 $22,078,974 $2,091,893 32,174,263 $2 118,438 

Spray Dryers $25,272,812 $24,703,116 $24,742.004 $24 676.099 524,886,315 
Flue Gas Handling System 3 $7,515,612 $77,187,680 $7,241,748 57,159,303 57,372 981 

ID Fam $ 52,470,111 $2,336,160 $2,361,358 32 323,235 12,420,397 
Waste / Byproduct Handling System 3 11,510,890 53.421,443 $4,882,968 $1,693,672 $6 122 447 
Support Eouipmeta S $3,461,855 $3,461,855 $3,461,855 53,461 855 $3 461 855 

Chinmey $ $6 930 758 56 744.722 $6.780 ;77 16 776485 36 3162.332 
TOTAL $ $56,219,935 $63,358,138 170,265.121 355,862 803 $78,582,592 

First bear Maintenance Owls 
Reagent Feed System 3 $337,711 5671,209 $935,163 5382,395 11267,191 
502 Removal System $ $114.984 5103.949 $104.590 $108.713 $105,922 

Spray Dryers 3 31,261,641 $1,235,156 $1,237,100 $1,233 80$ 51244,016 
Flue Gas Handling Sygem 5 $375,781 5359,384 $362,087 3357,965 5368,649 

ID Fans $ $123,506 3116.808 1118.068 $116.162 $121,029 
Wage / FIVDroduct Handling St stem 1 375,544 5171,072 $244,148 384,684 $306,122 
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Eamon Equipment $ $173,093 $173,093 3173 093 3173093 $173,093 
Chimney $ $346338 3337.236 $339 006 $336324 8343.117 

TOTAL S $2,810,797 33,167.907 $3,513,256 $2,793,140 $3,929,130 

LSD O&M Data and Costs Case 1 Case 2 Case 3 Case 4 Case 5 
Cost Basis (Yew) I091 ISM On 1990 IMO 

Parameters 
Reagat Required lbs/hr 4,214 30 374 51,510 7,608 78,241 

lbs/k7A1Btu 0.803 5 785 9.811 1 449 14.903 

Percent $02 Removal 90% 90% 90% 90% 90% 

FGD Solids - dry Ilts/br 38.157 88 563 142.014 76,684 207,877 

- wetted lbs/hr 47,697 110,704 177,518 95,856 259,846 
Fresh Water to FGD SPra 28 200 339 50 516 
Blowdown Water to FGD emu 501 223 214 308 259 
Total FGD Power Consumption kW 3,500 3,500 3,500 3,500 3,500 

Fixed O&M Costs 
Number of Operators 20 20 20 20 20 

(40 hrstweek) 
Operating Labor Cost 1 * $tyr 31,277 054 31,277 054 $1,277,054 $1,277,054 $1277,054 
Maim. Labor & Matt& Cost Styr 12,810.797 $3 167 907 $3,513,256 $2 793 140 $3,929,130 

Admin. & Strecort Labor S/yr $729.411.90 $763 265 $804.707 3718.293 $854,612 
TOTAL Styr 34,808,263 35,208,226 $5,595,017 34,788,488 36,060,796 

Variable ()Dentine Costs .• 
Reagent Costs Styr $779,794 35,620,779 29,532,177 $1,407,920 314,478,938 
Disposal Costs 3/yr 33,259.022 87.564.168 $12 129.447 $6,549,616 317.754.765 
Credit for Byproduct 39r $O $0 $O $0 $0 
Steam Costs Styr $0 $0 $0 30 SO 
Fresh Water CostS 31.4 $5.691 $441,023 $69,570 $10.276 $105.674 
Power Costs 3/yr $498225 $498 225 39913225 3498 225 $498 225 

TOTAL 3A7 $4 542 732 $13 724 195 322,229 418 $8,466,036 $32,837,602 
.. There MAI assume inputs are in current dolk2s (no escalatan oncluden,. 

Intermediate Material Balanci Cale's. Case! Case 2 Case 3 Case 4 Case 5 

FGD Reactions in Spray Dryer (80% of .502 Removal) 
SAW er Resatrur 60% 

002 Osnolethr 19.88 8774 127.19 32.63 175.08 
Cat011)2 lbmole/hr 1388 87 74 12715 32.63 175.08 
H20 ltenolethr 9.94 43 87 6959 1632 87.54 
C6039/21120 Parole/10 1980. 87.74 127.19 32.63 175.08 
502 r 1.274 5,621 8.148 2.090 11,216 
Ca(011)2 lb/hr 1.473 6.501 9,424 2,418 12,973 
0120 lb/hr 179 790 1,146 294 1.577 
Ca5039/21120 lb,be 2,568 11,332 16.426 4.214 22,612 

SWAM Ralaion 20% 
Ca(OH)2 Itmolehr 6.63 29.25 4240 10.88 58.36 
002 Donok/hr 6.63 2915 42.40 10.88 58.36 
02 Ilmolethr 3.31 1462 2120 5.44 29.18 
1120 llanoleihr 6.63 29.25 42.40 10,88 58.36 
Ca504.20120 I0mole/hr 6.63 2925 4240 10.83 58.36 
Ca(011)2 Whs. 491 2,167 3141 806 4,324 
SO2 WM 425 1,874 2 716 697 3,739 
02 117/hr 106 468 678 174 934 
1120 lbOu 119 527 764 196 1,051 
C.304.21'120 lb/lu 1,141 5,036 7.299 1,873 10,048 

FGD Reactions in Particulate Control .20% of SO. Removal, 
Saline Reader. 15% 

202 1bmule4hr 994 43 87 63 59 16.32 8754 
Ca(OH)2 Ibmole/hr 9.94 43.87 63.59 16.32 87.54 
6120 Ibmoletbr 4.97 21.94 3109 8.16 4377 
Q4039/21120 Ibmolelbr 984 43 87 63 59 7652 87.54 
202 lb/hr 637 2.810 4.074 1,045 5.608 
Ca(014)2 0,/hr 737 3251 4,712 1,209 6.486 
1320 Ibthr 90 393 573 147 789 
Ca503•1/2H20 lb/hr 1,284 5,666 8,213 2,107 11,306 

Sallete Regain. 5% 
Ca501152 Ibroole/hr 331 5462 21.20 5.44 2910 
S02 lbosole/hr 551 14 62 2720 5.44 29.18 
02 Ibmolethr 166 7 31 1960 2.72 14.59 
0020 IbmoleIhr 3.31 14.62 2720 5.44 29.18 
W04*21120 Iburole/br 3.31 14 62 2125 5.44 29.18 
Ca(OH)2 Ibthr 246 1 084 1,571 403 2.162 
002 lb/hr 21.2 937 1 358 348 1.869 
02 lb/hr 53 234 339 87 467 
1120 Ibthr 60 263 382 98 526 
C404°21120 lb/hr 571 2 518 3,650 936 5,024 

Solids in Spray Dryer 
Ca.403•1/21120 12,911 17,739 20,915 8,749 27,279 
Ca504•2H20 Ihthr 5,737 7 883 9,294 3,888 12,122 
lasts 61,353 24,594 32,715 56,883 45,199 
Ca(01112 lb/hr 614 13,059 21,689 1,397 33,939 
1120 
TOTAL Ibrts 80,615 63,274 84,612 70,917 118,558 

*ray Dryer Solids Removal 
CaS039/21120 0b/hr 1.291 1,774 2,091 875 2,728 
CaSO4•21120 Ibthr 574 788 929 389 1,212 I 
lours 117/hr 6,135 2,459 3,272 5,605 4,520 
Ca(011)2 lb/hr 61 1,306 2,169 140 3.396 
1320 117/hr 165 129 173 145 242 
TOTAL 3b/hr 8,062 6,327 8,461 7,092 11,856 

Solids In Ragirmase../ESP 
CaS03.102H20 lbOu 24,524 37.596 45,860 17.856 60.403 
CaSO4.21120 lb/hr 10.898 16,707 20,379 7,935 26,844 
lams lbAu 110,435 44270 58,888 102,389 81.358 
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C OH 51,/hr 123 19 171 32707 903 52 477 
H20 114/hr 
TOTAL 091,r 145 980 117 743 157 883 129,082 221,086 

Components of BaikousetESP Solids 
CaS039 /21520 [Mu 24,497 37,544 45,812 17,834 60,363 
Ca004.25420 11610 10,886 16 683 20,358 7,925 26,824 
Incas 115/19 110,315 44209 

19.145 

58,827 
32,723 

102,262 
902 

81298 
52,438 Ca(054)2 lb/hr 123 

1420 Ilk 2,976 2,400 3.219 2631 4,509 
TOTAL 148,798 119 980 160.938 131,554 225.432 

Total Waste Solids Oat 
CaS03 	/21120 lb/hr 6,419 28,330 41,066 10 535 56,530 
C.809721120 lb/hr 2,853 12 589 18,249 4 682 25.120 
Wats lb/5r 28,910 33,360 52,795 60,412 76,323 
Ca(01112 lb/hr 34 14,447 29 378 533 49,253 
5420 1bihr NA NA NA NA NA 
TOTAL 1b/hr 38216 88126 141.488 76.162 207.226 
Ca003.1/25420 ot % 16.80% 31.93% 29.02% 13.83% 27 28% 
Ca304.25420 91. % 7 46% 14.19% 12.90% 6.15% 12.12% 
lards wt. % 75.65% 3160% 37.31% 7932% 36.83% 
Ca(OH)2 93 % 0.09% 1628% 20.76% 0.70% 23.77% 
5420 wt. % NA NA NA NA NA 
TOTAL wt.% 100 00% 100.00% 10000% 100.00% 10000% 

Waste Oat Gas Stream 
Ca5039/22120 0b/hr 26.5 533 45.7 218 43.0 
CaSO4•2H20 lb/hr 11 8 22 3 20.3 9.7 19.1 
kolas 11)/hr 119 1 592 588 124.9 58.0 
Ca(01112 IbIhr 0.1 25.6 32.7 II 37.4 
1120 115/hr NA NA NA NA NA 
TOTAL lb/hr 158 158 158 158 158 

Dry Solids 
C4)8039521120 11918. 6393 28279 41.020 10.514 56,487 
Ca40491120 2.841 12.567 18,228 4.672 25.101 
Inerla 12//hr 28,791 33,301 52,737 60,287 76,265 
Ca/01112 lb/hr 33 14,421 29,345 532 49,215 
0120 lb/hr 777 1,808 2,884 1,551 4.226 
TOTAL lb/hr 38.815 90.376 144215 77,556 211,295 

Assumed Composition of Recycle Solids to Slurry l' nk 
C118039521420 110/1,r 20,810 13,306 9,670 9,282 10,249 
CaSO4•20120 Nu 9,248 5,913 4,297 4,125 4,554 
laerta lb/hr 93,720 15 668 12,432 53327 13,838 
Ca(054)2 lb/hr 109 6 785 6 918 470 8.930 
1120 16/10 2,528 850 680 1,369 767 
TOTAL Ib/hr 126,416 42,523 33,997 68,473 38,338 

Composition of Recycle Slurry to Head -mks 
Ca5039/21120 11918 20.810 13.306 9,670 9,282 10249 
Ca004•25420 115110 9.248 5.913 4,297 4,125 4,554 
Inats 93.720 15,668 12.432 53227 13,838 
COMP lb/10 109 6,785 6.918 470 8.930 
5420 115/10 230,076 77,392 61.874 124.621 69.776 
TOTAL 115/19 353.963 119,064 95.100 191.725 107.347 1.. 

Composition of Slurry from Head Tank 
Ca0039/21120 111/19 10,405 6,653 4,835 41A1 5.125 
Ca504.25420 1b/hr 4,624 2,956 2,149 2062 2,277 
louts 89hr 47,071 9,353 8,791 26,994 10,831 
Ca501132 111/18 2 560 21,452 34,085 4,758 50,984 
5820 121 376 84,377 108 407 73 753 152 561 
TOTAL Mr 186 035 124,791 158266 112309 221,778 

Solids in Spray Dryer 
Ca003/20120 564o,r 12,973 17.985 21,261 8355 27.737 
Ca004.25420 Ibibr 5,765 7,992 9,448 3,935 12.325 
Mints lb/hr 61.315 24.514 32614 56,819 45,081 
C/K05432 Ihihr 562 12,783 21,289 1,307 33.416 
1120 lb/hr NA NA NA NA NA 
TOTAL 115/hr 80,615 63274 84,612 70,917 118.558 

Composition of Solidsfrom  Spray Dryen 
Ca0039/20120 1b5u 1,297 1,798 2,126 886 2,774 
Ca00491120 Ib/hr 576 799 945 394 1.233 
Inerts Ib/hr 6,132 2,451 3,261 5,682 4,508 
Ca(01512 lb/hr 56 1,278 2129 131 3,342 
5520 115/hr 165 129 173 145 242 
TOTAL IT/Ihr 8,226 6,457 8,634 7,236 12 098 

Solids in Batkouse/ESP 
Ca5039 /21120 24,635 38,039 46,484 18,047. 61.232 
Ca0097211.20 RAE 10.947 16,903 20,656 8.020 27,210 
Incas 0b/hr 110.368 44,126 58,705 102,275 81,145 
cg05412 Mr 30 18,676 32,038 741 51,500 
1320 lb/hr 
TOTAL 145.980 117,143 157,883 129,082 221086 
CaS03•1/21120 wt % 16.9% 32.3% 294% 14.0% 27 7% 
CaSO4•2H20 wt% 7.5% 14.4% 13.1% 6.2% 12.3% 
bats wl % 756% 37 5% 37 2% 79 2% 361% 
Cat05412 04% 0.0% 15.9% 20.3% 0,6% 23 3% 
1120 NA % 
TOTAL 0.4 % 100 I)% 100 0% 0.0% 100 0% . 0.0% 

Dry Solids 
Ca503.1/25420 05/hr 6.423 28,613 43611 10,626 57.350 
C8309723520 1b/hr 2.854 12,715 18,491 4.722 25,485 
Innis Ib/hr 28.774 33,192 52,550 60.220 76.000 
Ca(01152 lb/hr 8 14,048 28479 436 48.234 
5420 3,/hr 777 1,808 2884 1,551 4226 
TOTAL 3,Air 38.835 90,376 144215 77,556 211,295 

Solids Out Stack 
CaS03.1/2H20 Iblhr 27 51 46 22 44 
Ca00495420 lb/hr 12 23 21 10 19 
Warts lb/hr 119 59 59 125 58 
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Ce(011)2 Ibita o 25 32 1 37 
1120 Ibihr 
TOTAL lbMr 158 158 158 158 158 

Composition ofBoghouse/ESP Solids to Recycle 
Ca0039/2H20 1b/hr 18,186 9,375 4,827 7.399 3,839 
CaSO4•2H20 lb/hr 8,051 4,166 2.145 3288 1,706 
1nerts lb/16 81,475 10,875 6 096 41 930 5.087 
C8(011)2 lb/hr 22 4,603 3,327 304 3228 
1120 11616 2.199 592 335 1,080 283 
TOTAL Mu 159,963 29,610 16,729 54,000 14.143 

Calculated Composition of Recycle Solies to Shiny Tank 
Ce803 4 1/21120 lb/hr 20,781 12,971 9 079 9 170 9,386 
CaSO4 42H20 11616 9,134 5,764 4 034 4,075 4,171 
Inerts lb/hr 93,738 15,778 12,618 53,294 14.103 
C8(011)2 134 7 159 7 535 565 9.912 
1120 lb/hr 2,528 850 680 1,369 767 
TOTAL lb/hr 126.416 42.523 33 997 68,473 38,338 

4ssumed Composition of Recycle Solids to Slurry T nk 
CaS03.1/21120 11b/hr 20.751 12.637 8.488 9 057 8,523 
Ca004.21110 lb/hr 9,221 5,616 3.772 4,025 3 787 
InerLs lb/hr 93,759 16,019 13,045 53,375 14,727 
Ca(011)2 lb/hr 156 7.401 8,0.11 647 10.535 
1120 lb/hr 2,528 850 680 1,369 767 
TOTAL lb/hr 126,416 42.523 33,997 68.473 38,338 

Composition of Recycle Slurry to Head Tanks 
C88039/21120 lb/hr 20,751 12.637 8,488 9,057 8.523 
Ca504.21120 lb/fir 9221 5,616 3,772 4,025 1.787 
lords lb/hr 93,759 16,019 13,045 53,375 14,727 
Ca(OH)2 lb/hr 156 7,401 8,011 647 10,535 
H20 lb/hr 230.076 77.392 61.874 124,621 69,776 
TOTAL 353,963 119.064 95.190 191,725 107,347 

Composition ofSlurry from Head Tank 
CaS03.1/2H20 lb/hr 10,375 6,319 4,244 4 529 4,261 
C5504.1H20 lb/hr 4 611 2 808 1 886 2,012 1,894 
[netts 11b/hr 47,090 9,528 9 098 27,068 11,275 
Ca(01112 lb/hr 2,583 21,759 34,631 4,847 51,787 
1120 IbAr 121,376 84,377 108,407 73,753 151,561 
TOTAL 186,035 124,791 158,266 112209 221,778 

Solids in Spiny Dryer 
C85039521120 1h/br 12,943 17,650 20,671 8,743 26,873 
CaSO4•21110 IbThr 5.752 7.843 9,185 3,885 11.942 
hurls lb/hr 61235 24,690 32,920 56,894 45.525 
C8501152 lb/hr 586 13,091 21,836 1,396 34,118 
1120 NA NA NA NA NA 
TOTAL lb/hr 80.615 63,274 84.612 70,917 118,558 

Composition of Solids from SproyDryerr 
C8S039/21120 lb/hr 1,294 1,765 2,067 874 2,687 
Ca004•21120 lb/hr 575 754 919 389 1,194 
hurts lb/hr 6,133 2 469 3,292 5,689 4 552 
Ca(011)2 IbThr 59 1,309 2184 140 3.422 
1120 lb/hr 165 129 173 145 242 
TOTAL lb/hr 8,226 6,457 8,634 7,236 12,098 

Solids in Boghouse/ESP 
Ca8039/21120 lb/hr 24,582 37,437 45,420 17 844 59,678 
CaSO4.2H20 lb/hr 10,923 16,636 20,184 7,929 26,519 
Irma, lb/hr 110,403 44 441 59,257 102,409 81,945 
C1401112 lb/hr 72 19,230 33,022 900 52,944 
1420 lb/hr 
TOTAL lb/hr 145 980 117,743 157.883 129,082 121 086 
C8003 4 1121120 61% 16.8% 31.8% 28.8% 13,8% 27 0% 
C40491120 wt % 7.5% 14.1% 11.8% 6.1% 12 0% 
Wens 61% 75.6% 37.7% 37 5% 79 3% 37 1% 
Ca(011)2 94 % 0.0% 16.3% 20.9% 0 7% 23.9% 
1120 wl % 
TOTAL vit % 100.0% 100.0% 100.0% 100.0% -0 0% 

Thy Solids 
C88039521120 1hihr 6,409 28,160 40,659 10,507 55,894 
CaSO4.21420 Ihthr 2,848 12,514 18,068 4,669 24,838 
brats lb/hr 28,783 33,429 53,044 60,299 76,749 
C1801102 lb./hr 19 14,465 29260 535 49,587 
1120 lb/lar 777 1,808 2 884 1,551 4,226 
TOTAL 	 lb/hr 38 835 90,376 144,215  77 556 211,295 

Solids Out Stack 
Co5024 1/21110 	 113116 27 50 45 22 43 
W0421120 	 lb/hr 12 22 20 .  10 19 
Inerts 	 lb/hr 119 59 59 125 58 
Ca(011)2 	 lb/hr 0 26 33 1 38 
1120 	 lb/hr 
TOTAL 	 lb/hr 158 158 158 158 158 

Composition of BaghouselESP Solids to Recycle 
CaS03 4 1/2H20 	 Ih/hr 18,147 9.226 4,716 7,316 3241 
CeSO4.21420 	 1h/hr 8,064 4,100 2,096 3.251 1,662 
Inats 81,500 10,952 6,153 41,985 5,137 
C4(011)2 	 Ibthr 53 4,739 3,429 369 3.319 
1120 	 lb/hr 2,199 592 335 1,080 283 
TOTAL 	 116hr 109,963 29,610 16,729 54,000 14.143 

Caksdared Composition of Recycle Solids to Slurry Tank 
C10039/21120 	 lb/hr 20,735 12,756 8,850 9 064 9,116 
C404.21120 	 Ibihr 9,214 5,669 3,933 4,028 4,051 
louts 	 tb/hr 93,767 15,890 12 ,737 53 363 14,242 
mow 	 lb/hr 171 7,357 7,796 648 10,163 
1120 	 lb/hr 2,528 850 680 1,369 767 
TOTAL 	 Ibihr 126,416 42,523 33,997 68 473 38,338 
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41sumed Composition of Recycle Solids o Slurry Tmls 
01003•1/2H20 11.1hr 20 719 12,875 9.213 9.071 9.709 
css04.21-120 1160hr 9.207 5 722 4.094 4,031 4,314 
1809, lb/hr 93 779 15,804 12,476 53,358 13.814 
Ca(01112 110/hr 182 7,271 7 535 643 9.734 
1120 lb& 2 528 850 680 1 369 767 
TOTAL 16/hr 126,416 42,523 33,997 68 473 38,338 

Composition of Recycle Slum to Head alas 
Ca0039/21320 Ittihr 20 719 12 875 

5,722 
9,213 
4,094 

9,071 
4031 

9 709 
4,314 CaSO4•2H20 lb/hr 9.207 

trans lb/hr 93,779 15,804 12 476 53,358 13,814 
C30OH)2 1Whr 182 7,271 7 535 643 1734 
1120 %Mr 230,076 77,392 61,874 124,621 69,776 
TUFAL lb/hr 353,963 119,064 95,190 191,725 107,347 

Composition of Slurry from Head Tank 
CaS039/21120 IbAv 10,360 6,438 4,606 4,536 4 855 
Ca-100721420 lbdtr 4 604 2,861 2 047 2 015 2 157 
buds lb/hr 47,100 9,421 8,813 27,060 10 819 
Ca(01112 Ib/dr 2,596 21,695 34,393 4 845 51 386 
1120 Ibihr 121,376 84 377 108 407 73 753 132301 
TOTAL Iblhr 186 035 124 791 158266 112,209 221 778 

Solids in Spray Dryer 
C43039121120 lb/hr 12028 17,770 21,033 8,750 27,466 
Ca.409•2H20 lb/hr 5,745 7,896 9,346 3,888 12,205 
Incrls lb/hr 61345 24,582 32,635 56,885 45.069 
Ca301112 Ibldr 599 13.026 21,598 1,394 33,818 
000 111/hr NA NA NA NA NA 
TOTAL IbIhr 80,615 63,274 84,612 70,917 118.558 

Composition of Solids from Spray Drys 
CaS039/21120 lb/dr 1,293 1,777 2,103 875 2,747 
CaSO4•21120 lb/hr 574 790 935 389 1,221 
%ens lb/hr 6,134 2,458 3,264 5,689 4,507 
01(011)2 lb/hr 60 1303 2,160 139 3,382 
1(20 Ibihr 165 129 173 145 242 
TOTAL 'Mu 8.226 6,457 8,634 7.236 12,098 

Solids in Baihouse/ESP 
CaS03 . 1/2H20 IbThr 24.553 37,651 46,072 17.857 60,746 
Ca10072H20 Ibfitr 10,911 16,731 20,473 7,935 26.994 
hurts Ibnu 110,420 44.248 58 744 102,393 81,123 
C OH)2 lb/hr 96 19,113 32,593 897 52,224 
1120 lb/hr 
TOTAL lb/hr 145,980 117.7-13 157,883 129.082 221.086 
Ca1039/21120 wt % 16 8% 32.0% 29 2% 13 8% 27 5% 
Ca304.21120 vrt % 7 5% 14 2% 130% 6 I% 12 2% 
Melts wt % 75 6% 37 6% 37 2% 79 3% 16 7% 
Ct101112 vrt % 0.1% 162% 20 6% 0 7% 23 6% 
1120 wt % 
TOTAL wt % .0 0% 100 0% 100 0% 100 0% 100 0% 

Thy Solids 
C.9039/25120 111hr 6,401 28,322 41242 10,514 56,894 
Ca504 921120 2,845 12,585 18,327 4,672 25,282 
Inetts lb/hr 28,788 33,284 52385 60,290 75,980 
01(011)2 1b/hr 25 14 377 29 176 528 48,912 
3120 16/11r 777 1,808 2,884 1,551 4,226 
TOTAL 1W 38,835 90,376 149,215 77,556 211,295 

Solids Out Stack 
C4039/21120 lb/hr 26 50 46 22 43 
Ca004.21120 Ibldr 12 22 20 10 19 
Weds IbIhr 119 59 59 125 58 
Ca601152 Ibilit 0 26 33 i 37 
1120 16/hr 
TOTAL 16.4w 158 158 158 158 153 

Composition of Bagkouse/ESP Solids to Recycle 
C403 9 1/21120 Mu 18,126 9279 4,784 7,321 3,808 
C540421420 lb/dr 8,055 4,123 2,126 3253 1,692 
Mats 16/3,r 81,511 10,905 6,100 41,978 5,086 
Ca101-112 lb/hr 71 4,710 3,384 368 3.274 
1120 1h/hr 2,199 592 335 1,080 283 
TOTAL lb/hr 109,963 29,610 16.729 54,000 14.143 

Calculated Composition of Recycle Solises to Slurry Tank 
Ca3031/21420 lb/hr 20,711 12,833 8,991 9,071 9,301 
Ca004•21120 lIghr 9,203 5,703 3,995 4,031 4,133 
%ens lb/dr 93,782 15,821 12,627 53,355 14,099 
Ca101152 lb/hr 190 7,316 7,704 647 10,037 
1120 bar 2,528 850 680 1,369 767 
TOTAL lbAtr 126,416 42,523 33,997 68,473 38,338 

Assumed Composition of Recycle Solids to Slurry Pink 
Ca3039/21120 lb/hr 20,703 12,791 8,769 9,071 8,894 
C11100721120 Ib/hr 9200. 5,684 3,896 4,031 3 952 
%arta lb/hr 93,788 15,852 12,737 53,355 14,394 
Ca(01152 IbIhr 196 7,346 7,864 647 10 332 
1120 Ib/hr 2,528 850 680 1369 767 
TOTAL 16/hr 126,416 42,523 33,997 68.473 38,338 

Composition of Recycle Slurry to Head '.'"anks 
Ca..403.1/2H20 16/10 20,703 12,791 8,769 9,071 8,894 
CaSO4.21120 lts5e 9,200 5,684 3,196 4,031 3,952 
Iowa lb/hr 93,788 15,852 12,787 53,355 14 394 
Ca(011)2 16/hr 196 7,346 7,864 647 10,332 
1120 lb/hr 230,076 77,392 61,874 124,621 69 776 
TOTAL lb/ltr 353,963 119,064 95,190 191,725 107 347 

Composition ofSlurry from Head Tank 
Ca0039 1/21120 Ibthr 10,351 6,395 4,384 4,535 4,447 
Ca300721120 Ilmbr 4,600 2,842 1,948 2.015 1,976 
bells 47105 9,445 8.969 27,058 11.109 
Ca(01112 lb& 2,604 21,732 34358 4.847 51 685 
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1120 lb/hr 121 376 84 377 108 407 73,753 152,561 
TOTAL lb/hr 186,035 124 791 158266 112,209 221,778 

Solids in Spray Dryer 
CaS039121420 lb/hr 12.919 I 7727 20,811 8,750 27,059 
C4300721120 Ib/hr 5,741 7.877 9,248 3.888 12,024 

Men, lb/hr 61 349 24.606 32,791 56 884 45,359 

Ca(011)2 11,4r 606 13,064 21,762 1 396 34,117 
1120 lb/hr NA NA NA NA NA 
TOTAL lIghr 80,615 63,274 84,612 70 917 118.558 

Composition of Solids from Spray Dryen 
C.1.503•1/21420 117/hr 1,292 1 773 2,081 875 2,706 

cssoesiiso lb/hr 574 788 925 389 1202 

lams lb/hr 6 135 2.461 3 779 5,688 
140 

4.536 
3.412 Ca501112 lb/hr 61 1,306 2 176 

8120 1161,, 165 129 173 145 242 

TOTAL IbThr 8,226 6,457 8,634 7,236 12,098 

Solids in Baghouse/ESP 
Ca503.1121420 lb/hr 24 538 37 575 45 673 17 856 60,012 
Ca90491120 lb/hr 10,904 16,697 20,296 7 935 26,668 
Incrls lb/hr 110429 44,291 59 025 102 391 81,645 
Ca(014)2 lb/10 109 19,181 32,890 900 52,761 

1120 lb/bx 
TOTAL 1b/hr 145 980 117 743 157 883 129 082 221,0146 
CaS03.1/21120 wt % 16.8% 31 9% 28 9% 13 8% 27 I% 
C.804'21120 wI % 7.5% 14 2% 12.9% 6 1% 12 I% 
Inerts 75.6% 37 6% 37 4% 79 3% 36 9% 
C4011)2 wt % al% 16.3% 20.8% 0 7% 23 9% 
4120 wt % 
TOTAL wt % 100 0% 100 0% 100.0% 100.0% 1000% 

Dry Solids 
C4(33.1/21120 6,397 28.264 40,884 10,514 56.207 
C4804'21120 15/1r 2,843 12,560 18.168 4,672 24.977 
hats lb/br 28.790 33,316 52,837 60,288 76,469 
Ca(014)2 lb/hr 28 14,428 29,442 530 49,416 
1120 115hr 777 1,808 2,884 1,551 4.226 
TOTAL lb/hr 38,835 90.376 144,215 77.556 211,295 

Solids Out Stack 
C89039/21120 lb/hr 26 50 46 22 43 
01800721420 lb/hr 12 22 20 10 19 
Iserls Iblbr 119 59 59 125 58 
Ca(014)2 114/hr o 26 33 1 38 
1120 
TOTAL. 1b/hr 158 158 158 158 158 

Composition of Baghouse/ESP Solids to Recycle 
C0103.1/21120 Wu 18.115 9,260 4.743 7,321 3.762 
Ca904.2H20 lb/hr 8050 4.115 2,107 3,253 1,672 
blots lb/hr 81,520 10,915 6,129 41,977 5.118 
C8(011)2 so 4.727 3.415 369 3.308 
1120 lb/hr 2.199 592 335 1.080 283 
TOTAL 16/hr 109,963 29,610 16.729 54,000 14.143 

Calculated Composition of Rende Solids to Slurry Tank 
Ca3039/21120 20598 12,806 8 905 9,070 9,174 
CA804 621120 lb/hr 9,198 5,690 3,957 4,031 4,077 
Ineds lb/hr 93,790 15,837 12 687 53,354 14,190 
C.501-1)2 16110 201 7,340 7,768 648 10,131 
4120 Mu 2,528 850 680 1,369 767 
TOFAL 115hr 126,416 42,523 33,997 68,473 38,338 

lssumed Composition of Recycle Solids to Slurry A 
C803'1/21120 lb/hr 20,694 12.821 9,041 9.070 9,454 
Ca804.21120 lb/hr 9,196 5,697 4018 4.031 4.201 
Slots lb/hr 93,793 15,826 12.589 53.354 13.988 
Ca(041)2 lb/br 205 7.329 7.669 648 9,929 
1420 1.13/10 2,528 850 680 1,369 767 
TOTAL Mu- 126,416 42.523 33.997 68,473 38.338 

Composition ofRecycle Slurry to Head 7anks 
CeS03•1 /21120 1161,, 20,694 12,821 9,041 9,070 9,454 
CeSO4.2H20 lb/hr 9,196 5,697 4,018 4,031 4.201 
beds 1167,, 93,793 15526 12,589 53,354 13,988 
Ca(01112 Ih/hr 205 7,329 7,669 648 9,929 
1820 lb/hr 230,076 77,392 61,874 124.621 69,776 
TOTAL lb/hr 353.963 119,064 95 190 191,725 107,347 

Composition of Slurry from Head Tank 
Cr503901420 lb/hr 10,347 6,410 4,520 4.535 4,727 
CaSO4.21120 lb/hr 4,598 2,849 2,009 2,015 2 101 
buns lb/hr 47,107 9,432 8,870 27,057 10.906 
Ca(011)2 1b/hr 2.608 21,723 34,460 4,848 51,483 
1120 lb/hr 121.376 84,377 108,407 73.753 152,561 
TOTAL lb/hr 186.035 124,791 158.266 112,209 221 778 

Solids in Spray Dryer 
C4039/21120 1b/hr 12,915 17,742 20,947 8,749 27,339 
C4804.21120 1b/hr 5.739 7584 9.308 3,888 12,149 
birds lb/hr 61,352 24,593 32,692 56,883 45,156 
Ce(011)2 1b/br 610 13,055 21.665 1.397 33,915 
1120 16/hr NA NA NA NA NA 
TOTAL 3b9r 80.615 63274 84412 70,917 118,558 

Composition ofSolidsfrom Spray Dryer, 
Q503°1/21120 lb/hr 1,291 1,774 2,095 875 2,734 
C404'21120 115br 574 788 931 389 1,215 
InerLs IbThr 6,135 2,459 3,269 5,688 4,516 
C8(014)2 lb/hr 61 1,306 2,167 140 3,391 
1120 5r/hr 165 129 173 145 242 
TOTAL lb/hr 8,226 6,457 8,634 7,236 12 098 

Solids in Baghouse/ESP 
C.803.1/21420 lb,/hr 24,530 37,602 45,918 17,856 60,516 
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CaSO4•21120 1h/hr 10,901 16,709 20,405 7 935 26,892 
hurts lb/hr 110,433 44,267 58,846 102990 81,280 
Ca(OH)2 117/hr 116 19,165 32,714 902 52398 
8120 lb/hr 
TOTAL 11s/hr 145,980 117743 157,883 129,082 221,086 
CO603'1/21120 et % 16.8% 31.9% 29.1% 13.8% 27.4% 
CsSO4.2H20 .1% 7.5% 14.2% 126% 6.1% 12.2% 
bens 01 % 75.6% 37.6% 37.3% 79.3% 36.8% 
0801112 el % 0.1% 16.3% 267% 07% 297% 
1120 wl % 
TOTAL 01% 100.0% .0.0% 100.0% 6.0% 100.0% 

Dry Solids 
C60071/21420 lb/hr 6.395 28285 41 104 10,514 56.679 
C8.904.2H20 11615 2.842 12,569 18265 4672 25,187 

heats lb/hr 28 791 33,298 52,677 60288 76,127 

Ca(0102 lb/hr 30 14,416 29,285 531 49,076 
1920 lb/hr 777 1 808 2.884 1.551 4.226 
TOTAL lb/hr 38,835 90,376 144.215 77,556 211,295 

Solids Out Stack 
CaS03.1/21120 26 50 46 22. 43 
CaSO4.2H20 12 22 20 10 19 
bents INhr 119 59 59 125 58 
Cre01111 lbAir 0 26 33 1 37 
1120 lb/hr 
TOTAL lb/hr 158 158 158 158 158 

Composition of Barghouse/ESP Solids to Recycle 
C.5039/2E120 Rehr 18,109 9,267 4,768 7,320 3,794 
Ca000721120 lb/hr 8,047 4,118 2,119 3,253 1,686 
Inerts lb/hr 81 523 10 910 6 110 41 977 5 095 
Ca(01132 lb/hr as 4,723 3,397 370 3,285 
1420 IbThr 2,199 592 335 1,080 283 
TOTAL lb/hr 109,963 29,610 16 729 54,000 14 143 

Cakulated Composition of RcydeSoli4s to Slurry Tank 
C360071/21120 flAI 20,692 12,815 8,957 9,070 9.262 
CeS002H20 lb/hr 9,195 5.695 3.980 4,031 4,116 

lb/hr 93.793 19828 12,649 53,354 14,127 
Ca(01112 @As 208 7,334 7.730 649 10,068 
1120 lb./hr 2,528 850 680 1.369 767 
TOTAL IbThr 126.416 42,523 33,997 68,473 38,338 

Assumed Composition of Recycle Solids to Shiny T nk 
C5S039/2H20 ItVir 20,689 12,810 8,874 9,070 9,069 
C9504•2H20 111/hr 9 194 5,692 3 943 4,031 4,030 
Inert, lb/hr 93,795 15,832 12,709 53,354 14,266 
Cat01152 0,/hr 209 7,333 7 790 649 10,207 
1120 0,/hu 2,526 850 680 1,369 767 
TOTAL lb/hr 126,416 42,523 33,997 68,473 38,338 

Composition ofRecyde Slurry to Head -mike 
CaS03.1/21120 lb/hr 20.689- 12.810 8.874 9.070 9.069 
Ca004.21120 lbThr 9,194 5.692 3,943 4.031 4.030 
kens lblhr 93.795 15.832 12.709 59354 14.266 
Ca(01112 lb/hr 209 7,338 7,790 649 10.207 
1120 IbIhr 230,076 77,392 61.874 124,621 69,776 
TOTAL lb/hr 353,963 119,064 95,190 191,725 107,347 

Composition ofSlunyfrom Head Tank 
C8503.1/21120 Rehr 10,345 6,405 4,437 4,535 4,535 
CaS0021120 Ih/br 4,597 2,846 1,972 2,015 2,015 
beer lb/hr 47,108 9,435 8,930 27,057 II 045 
Ca101112. lb/hr 2 610 21 728 34 521 4 848 51,623 
0120 1h/hr 121,376 84,377 108,407 73,753 152,561 
TOTAL 186.035 124,791 158,266 112,209 221,778 

Solids in Spray Dryer 
CaS019121120 12,912 17,737 20,863 8,749 27,146 
Ca2430721120 5,738 7.882 9271 3.888 12,065 
louts 16/hr 61,352 24,596 32,752 56.883 45,294 
Ca101112 lb/hr 613 13,060 21,725 1,397 34,054 
1120 lb/hr NA NA NA NA NA 
TOTAL lb/hr 80.615 63,274 84,612 70,917 118,558 

Composition ofSolids from Spray Dryers 
Cs.903.1/2H20 11.44 1,291 1,774 2.086 875 2,715 
M604°21120 IhThr 574 788 927 389 1.206 
Mats IbAtr 6 135 2,460 3,275 5 688 4,529 
C1801112 61 1,306 2,173 140 3 405 
8120 lb/hr 165 129 173 145 242 
TOTAL Rehr 8,226 6,457 8,634 7,236 12,098 

Solids in Daghouse/ESP 
Ca.9039/21420 IbAsr 24,526 37,592 45.767 17,856 60 170 
C6904.21120 Ilebr 10,899 16,705 20,338 7,935 26,738 
lrerts lb/hr 110,434 44,273 58,954 102,389 81,530 
Co101112 lb/hr 120 19,173 32.823 903 52 649 
120 lIghr 
TOTAL 145,980 117,743 157,883 129,082 221,086 
CaS039/21120 wt % 16.8% 31.9% 29.0% 118% 272% 
Ca50491120 wt % 7.5% 14.2% 12.9% 6.1% 12 1% 
Ivens wt % 75.7% 37.6% 37 3% 793% 36 9% 
Ce(OH)2 wt % 0.1% 16.3% 20.8% 0.7% 23.8% 
8120 v4 % 
TOTAL M % 6.0% 1060% 0.0% loam AO% 

Dry Solids 
C.9039/21920 117/16 6,394 28.277 40,969 10.514 56.355 
Q600721120 lb/hr 2,841 12,566 18206 4,672 25.043 
hells lb/hr 28,791 33,303 52,774 60,287 76,361 
Ca(0102 07/hr 31 14,422 29.382 531 49 311 
1120 lb/16 777 1.808 2.884 1,551 4226 
TOTAL 117.66 38,835 90.376 144215 77.556 211,295 

Solids Out Skack 
CaS039 /21120 0/1. 26 50 46 22 43 
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CaSO4•21120 lb/hr 12 22 20 10 19 
Inerts lb/hr 119 59 59 125 58 
Ca(011)2 lb/hr o 26 33 1 38 
1020 lb/hr 
TOTAL lb/hr 158 158 158 858 158 

Composition ofDoghouse/ESP Solids toRecyck 
C68039/21120 11,/hr 18,106 9,265 4,752 7.32(1 3,772 
Ca504 .21020 Ibihr 8,046 4,117 2,112 3153 1.676 
Mats lb/hr 81,524 10 911 6,122 41,977 5.111 
Ca(011)2 Ib,hr 89 4.725 1 408 370 3.301 
1020 lb/hr 2 199 592 335 1 080 283 
TOTAL lb/hr 109,963 29.610 16,729 54,000 14.143 

Calculated Composition of RecydeSolils to Slurry Tank 
C8803.1/21120 lb/hr 20,688 12 812 8 925 9.070 9,201 
C6.904•2H20 lbaw 9 193 5,693 3 966 4,031 4,089 
Inerts 1Nhr 93,794 15,830 12 672 53,353 14.170 
CNOH)2 lb/hr 211 7,337 7,753 649 10.111 
1010 lb/hr 2,528 850 680 1,369 767 
TOTAL Ib.thr 126,416 42,523 33.997 68,473 38,338 

Assumed Composition of Recycle Solids to Slurry Tsnd 
C68039/21320 Ibthr 20,687 12,814 8,976 9,070 9,334 
Ca10491120 IbThr 9,193 5,694 3,989 4,031 4,148 
Inerls 11.818 93 795 15829 12,635 53,353 14.074 
Ca(0972 0b/hr 212 7,136 7316 649 10.016 
1120 IbThr 2,528 850 680 1,369 767 
TOTAL 061,, 126,416 42,523 33,997 68,473 31338 

Composition of Recycle Slurry to Head -mks 
Ce5039/21020 l961,r 20,687 12,814 8,976 9,070 9,334 
CaSO4.21120 lb/hr 9,193 5.694 3,989 4,031 4,148 
kens 16/16 93,795 15,829 12,635 51353 14.074 
Cat0972 lb/hr 212 7.336 7,716 649 10.016 
1/20 11361r 230,076 77,392 61,874 124.621 69,776 
TOTAL lbAw 153.963 119,064 91190 191,725 107,147 

Composition of Slurry from Head Tank 
Ca/039/21420 10,343 6 407 4 488 4,535 4,667 
Ca504.21420 Ibilir 4,596 2,847 1 994 2,015 2,074 
brats 0b/hr 47,106 9,433 8,893 27,057 10,949 
Ca(OH)2 11,/hr 2,612 21,727 34,484 4,848 51,527 
1020 lb/hr 121,376 84,377 108 407 73,753 152,561 
TOTAL lb/hr 186,035 124,791 158,266 112,209 221,778 

Solids in Spray Dryer 
W(339/21120 lb/hr 12,911 17.739 20,915 8.749 27.279 
C6604•2H20 lb/hr 5,737 7 883 9.294 3,888 12,122 
Inens 1Whr 61,353 24,594 32,715 56,883 45.199 
C(001112 614 13,059 21.689 1.397 33,959 
1120 lb/hr /4A NA NA NA NA 
TOTAL 1bihr 80.615 63,274 84,612 70,917 118.558 

Composition of Solids from Spray Dryers 
C81039/21120 lb/hr 1,291 1,774 2,091 875 2 728 
C8804.2H20 574 788 929 189 1112 
10808 lb/hr 6,135 2,459 3,272 5,683 4,520 
Ca101122 lb/hr 61 1,106 2 169 140 3,396 
H20 8,/hr 165 129 173 145 242 
TOTAL IbAr 8126 6,457 8,634 7,236 12,098 

Solids in Henhouse/ESP 
C6503/1/21020 lb/hr 24,524 37,596 45,860 17,856 60.408 
Ce004/21120 lb/hr 10,898 16 707 20,379 7,935 26,844 
hints lb/hr 110 435 44,270 58,888 102,989 81358 
Ca(011)2 lb/hr 123 19,171 32,757 903 52,477 
1120 WM 
TOTAL lb/hr 145,980 117,743 157,883 129,082 221.086 
C8803/1121120 wt % 16 8% 31.9% 29.0% 13.8%. 27 3% 
C810491120 wt % 7.5% 142% 12.9% 1106 12 1% 
Inerts 75.7% 37.6% 37.3% 79 3%. 36 8% 
C8101112 wt % 0.1% 16.3% 20.7% 0.7% 23 7% 
1120 wt % 
TOTAL wt % 100 0% 100.04 100.0% 100.0% 1000% 

Dry Solids 
C88039/21120 lb/hr 6 394 28,280 41,052 10 514 56,578 
Ca009721120 lb/hr 2,841 12 567 18,242 4,672 25,142 
16.6.3 INN 28,792 33 301 52,714 60,287 76,200 
C8101152 lb/hr 32 14,421 29,323 532 49,150 
1120 lb/hr 777 1 808 2,884 1,551 4,226 
TOTAL lb/hr 38,835 90,376 144,215 77,556 211,295 

Solids Out Stack 
C82039/21120 0,/hr 26 50 46 22 43 
C8404.25120 Ib/hr 12 22 20 10 19 
Wats lb/hr 119 59 59 125 58 
Ca(010)2 lb/hr 0 26 33 1 37 
1020 lb/hr 
TOTAL 118hr 158 158 158 158 158 

Composition of Bashouse/ESP Solids to Recycle 
Ce003.1/211.20 lb/hr 18,104 9.265 4,762 7,320 3,787 
Ca009721120 Ibthr 8.045 4,117 2.116 3.253 1,683 
!mos 113/18 81,524 10.910 6,115 41,977 5.100 
CatOtig lkohr 91 4.725 3,401 370 3.290 
1120 lb/hr 2199 592 335 1,080 283 
TOTAL Ibihr 109,963 29,610 16,729 54,000 14343 

Cakulated Composition of Recycle Solids to Slurry Tank 
Ca1039/2/120 86hr 20,686 12,813 8,945 9,070 9,243 
CaS0972H20 lb/hr 9,192 5,694 3,975 4,031 4,107 
baits 8018 93,795 15,829 12,658 53,353 14,140 
Ca(OHN lb/hr 214 7,336 7,739 650 10,081 
1120 lb/hr 2,528 850 680 1169 767 
TOTAL lb/hr 126,416 42123 33.997 68,473 38,338 
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abric Filter - Preliminary Case 1 Case 2 Case 3 Case 4 Case 5 

lue Gas, Upstream of Fabric Filter 
Temperature °F 147 147 147 147 147 
Pressure in H20 -17 -17 -17 -17 -17 
Flow Rate SCFM 1402,194 1,292,636 1 313 499 1 282 055 1,362 367 
Flow Rate ACFM 1,739,624 1,603,701 1,629,584 1,590,574 1,690,212 
CO2 lb/hr 1,120,920 1,045,412 1,055,110 1,047,495 1,048,927 
N2 lb/hr 4,084,072 4,052,345 4,061,258 4,030,485 4,067,354 
502 lb/hr 1,321 5,829 8,450 2 168 11,632 
02 lb/hr 327,669 317,635 318,158 316,904 319,686 
HCI lb/hr 0 0 0 0 0 
Other Gases lb/hr 1,425 2,268 2 238 1,873 2,030 
H20 lb/hr 722,080 465,318 514,007 450,071 650,130 
Fly Ash lb/hr 145,108 113,894 152,302 127,651 213,405 

Total (gas only) lb/bx 6,257,488 5,888,807 5,959,221 5,848,996 6,099,759 

t (nal Fabric Required Ft2  497,035 458,200 465,596 454,450 482,918 

utface Area per Bag Ft2  31.4 31.4 31.4 31.4 31.4 

' equired No. of Bags (no spare compartments) 15,821 14,585 14,820 14,466 15,372 

inal No. of Bags 17,403 16,043 16,302 15 ,912 16,909 

o. of Casings 1 I 1 I I 

abric Filter Dimensions (per Casing) Ft2  17,086 15,751 16,005 15,622 16,600 
Length Ft 185 177 179 177 182 
Width Ft 92 89 89 88 91 

apital Cost Cmel Cue2 Cue3 Cue4 Cue5 
cost Basis (Year) 1998 1998 1998 1998 1998 

Fabric Filter S $6,250,411 55,900,180 $5,967,520 $5,865,907 $6,124,047 
Bags 5 $916,791 $845 159 $858 800 $838 241 $890 751 
Ash Handli •1 S stem 8 $1,942,059 $1 571,194 $2 027 539 $1,734 644 $2 753 523 
ID Fan(s) $ $770,690 $732,840 8740.139 $729,121 $757,065 
Equipment Cost Subtotal $ $9,879,951 $9,049,374 $9,593,998 $9,167,913 $10,525,387 
Instruments & Controls $ $197 599 $180,987 $191 880 $183,358 $210 508 
Taxes $ $592,797 $542,962 $575,640 $550,075 $631,523 
Freight $ $493,998 $452 469 $479.700 $458,396 $526,269 
Purchased Equipment Cost Subtotal $ $11,164,345 $10,225,792 $10,841,218 $10,359,742 $11,893,687 
Installation $ $7,480,111 $6,851,281 $7,263,616 $6,941.027 $7.968.770 
Total Direct Cost S $18,644,455 $17,077,073 $18,104,834 $17,300,769 $19,862,457 

Total Direct Cost with Retrofit Factor $ $24,237,792 $22,200,195 $23,536,284 $22,491,000 $25,821,194 
General Facilities 8 $2,423,779 52,220,019 $2,353 628 $2,249,100 $2,582,119 
Engineering Fees S $2,423,779 $2,220,019 $2,353,628 $2,249,100 $2,582,119 
Contingency $ $4,847,558 $4.440.039 $4.707.257 $4.498,200 $5.164,239 

otal Plant Cost (TPC) $ $33,932,909 $31,080,273 $32,950,797 $31,487,400 $36,149,672 
Mal Plant Cost (TPQ wi Prime Contractor's S $34,950,896 $32,012,681 $33,939,321 $32,432,022 $37,234,162 
otal Cash Expended (7tE) $ $34,441,902 $31,546,477 533 445,059 $31,959,711 $36,691,917 

Row. for Funds During Constr. (AFDC) S $1,832,377 $1,678,335 $1,779,343 $1,700,320 $1,952,082 

otal Plant Investment (TPI) $ $36,274,280 $33,224,811 $35,224,402 $33,660,030 $38,643,999 
Preproduction Costs S $725,486 $664,496 $704,488 $673,201 $772,880 
Incento 	C.  ital $ $O SO $0 SO $0 

r otal Capital Requirement (TCR) S $36,999,765 $33,869,308 $35,928,890 $34,333,231 539,416,879 
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51kW $74.0 $67.8 $71.9 $68.7 $78.8 

O&M Data and Costs Casel Case 2 Case 3 Case 4 Case 5 
Cost Basis (Yew) 1998 1998 1998 1998 1998 

Power Required Excluding ID Fan(s) kW 736 681 691 675 716 
ID Fan Power for FF Delta P kW 1.757 1.620 1.646 1.606 1,707 
Total Power kW 2,493 2,300 2,337 2,282 2,423 

Power Cost .• 5/yr $354,878 $327,425 $332,654 $324,772 $344,900 
Maintenance Costs 5lyr $1,305,112 $1,195,395 $1,267,338 $1,211,054 $1,390,372 
Periodic Replacement Items S/yr $916,791 $845,159 $858,800 $838,241 $890,751 

First Year Cost. Bags Replaced Every $ Years 5 Years 5 Years 5 Years 5 Years 
** These costs assume inputs are in current dollars (no escalatson included). 

ESP Case I Case 2 Case 3 Case 4 Case 5 

Flue Gas, Upstream of ESP 
Temperature °F 147 147 147 147 147 
Pressure in. 1120 -17 -17 -17 -17 -17 
Flow Rate SCFM 1,402,194 1,292,636 1,313,499 1,282,055 1,362,367 
Flow Rate ACFM 1,739,624 1,603,701 1,629,584 1,590,574 1,690,212 
CO2 lb/hr 1,120,920 1,045,412 1,055,110 1,047,495 1,048,927 
N2 lb/hr 4,084,072 4,052,345 4,061,258 4,030,485 4,067,354 
502 lb/1n 1,321 5,829 8,450 2,168 11,632 
02 lb/hr 327,669 317,635 318,158 316,904 319,686 
HCI lb/hr 0 0 0 0 0 
Other Gases lb/hr 1 425 2,268 2,238 1,873 2,030 
1-120 lb/hr 722,080 465,318 514,007 450,071 650,130 
Fly Ash lb/hr 145,108 113,894 152,302 127,651 213,405 

Total (gas only) lb/hr 6,257,488 5,888,807 5,959,221 5,848,996 6,099,759 

Inlet Particulate Loading lb/hr 145,108 113,894 152,302 127,651 213,405 
gr/ft3 9.73 8.29 10.90 9.36 14.73 

Overall PM Collection Efficiency % 11 999% 99.9% 99.9% 99.9% 99.9% 

ESP Rewdrements 
dimensionless 0.451 0.473 0.473 0.450 0.472 k = power fact 

E kV/cm 10.0 10.0 10.0 10.0 10.0 E = the strengi 

Ash Composition 
Na20 wt% in Ash 1.68 0.90 0.40 0.40 0.60 weight percenl 

Fe wele in Ash 6.07 20.2 9.00 9.00 20.00 weight percent 
weight percent 
weight percem 

Mgt, wt% in Mh 31.97 5.90 6.50 6.50 6.50 
Ca) wt% in Ash 0.00 0.00 0.00 0.00 0.00 

Flue Gas Composition 
1120 Vol% 18.57 12.93 14.13 12.57 17.38 volume percen 
S02 ppm 96 456 653 170 875 volume percen 
S03 ppm 0.7 3.4 4.8 1.3 6.5 volume percen 

Flue Gas Temperature 
iF °F 147 147 147 147 147 flue gas tempe 
TC °C 64 64 64 64 64 flue gas ternpe 
TK Kelvin 337 337 337 337 337 flue gas tempe 

Resistivity Calculations 
Volume Resislwi tv  

rvl Log10(ohm-cm) 9.13 8.23 9.28 9.28 8.61 rvi = 8.9434 - 

ry2 Log10(ohm-cm) 8.89 7.99 9.04 9.04 8.37 rv2 = rol + (E 
tv Log10(ohm 01) 1.95 1.05 2.11 2.11 1.44 iv = rv2 - 4334  
ry Log10(ohm-c-n) 14.81 13.91 14.97 14.97 14.30 rv = iv+ 4334 

rv(TK =1000/2.4) Log10(ohm-on) 12.35 11.45 12.51 12.51 11.84 rv = iv + 4334 
Volume Resistiviry ohm-cm 6.4904E+14 8.1454E+13 9.3232E+14 9.3232E+14 1.9963E+14 volume resistil 

Surface Resistivity 
rsl Log10(ohm-cm) 10.27 10.88 11.66 11.66 11.27 7s/ = 10.7737 
rs2 Logl 0(ohrn-cm) 9.05 10.37 11.01 11.21 10.20 rs2 = I's! + (Il 
rs3 Log10(ohm-cm) 7.82 5.90 6.50 6.50 6.50 rs3: if (WO 

„rs4 = rs3 + (E rs4 Logl 0(ohm-cn) 7.58 5.66 6.26 6.26 6.26 
rs4(with E= 12) Log10(ohm-cm) 7.52 5.60 6.20 6.20 6_20 rs4(with E = 1 

rs0 = rs4(with rst) LogICI(ohm-cm) 9.88 725 8.00 7.80 8.41 
rs Log10(ohm-cri) 4.34 3.39 3.79 4.05 3.23 „rs = rs0 - Log 

Surface Resistivity ohm-cm 2.2022E+04 2.4594E+03 6.1037E+03 1.1284E+04 1.6991E+03 ,surface resistil 

rvsl ohm-cm 2.2022E+04 2.4594E+03 6.1037E+03 1.1284E+04 1.6991E+03 rvsl =10^(rv 
tr2(with H20 rs2(with H20 -10) Log10(ohm-mn) 1.01E+01 1.07E+01 1.15E+01 1.15E+01 1.11E+01 

rs3(with H20=10) 	 j...og10(ohm-cri) 8.91 5.90 6.50 6.50 6.50 rs3(with H20 
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rs4('with H2O = 10) 	 ILog10(ohm-c n) 8,67 5.66 6.26 6.26 6.26 s4(with 1120' 
rs4(with 1120 = 10, E - 12) Log10(ohtn-c-n) 8.61 5.60 620 6.20 6.20 s4(with H20 

rs0(with 1120 = 10) Log10(ohm-cn) 9.88 6.87 7.47 7.47 7.47 sO = rs4(with 
rsAvith 1120 = 10, TK = 1000/2.4) Log10(ohm-cm) 9.08 6.06 6.66 6.66 6.66 s(with 1120 = 

rvsl(with H20 - 10, TK = 1000/2.4) ohm-cm 1.1934E+09 1.1610E+06 4.6222E+06 4.6222E+06 4.6222E+06 vs/ = 10^(rv 
rvs2 Log10(ohm-cm) 9.32 6.30 6.90 6.90 6.90 s2 = Log10( 

4cid Resistivity 
ial Log10(ohm-cm) 0.29 0.29 0.29 0.29 0.29 a): if (Wg0 
ral Log10(ohm-c n) 7.44 5.13 5.59 5.59 5.59 al = ial + O.' 
sa -2.05 -2.05 -2.05 -2.05 -2.05 • : if ((Mg() - 

ia2 Log10(ohm-c n) 8.67 6.36 6.82 6.82 6.82 a2 = ral - sa,  
ra2 Log10(ohm-c 8.98 5.28 5.42 6.62 5.16 a2 = ia2 + sa 

acid v index value 1 2 2 1 id v: if SO. 
atom v index value 1 3 3 3 3 'tom v: if (M 

sal -474 -28.39 -2839 -4.85 -28.39 • 1 = Lookup 
ia3 Log10(ohrn-cm) 20.36 73.42 73.55 18.26 73.29 a3 = ra2 - sa 
ra3 Log10(ohm-c n) 6.29 -10.82 -10.68 3.87 -10.94 a3 = ia3 + sa 
ra Log10(ohm-c n) 6.73 -6 27 -6.17 4.89 -6.36 a = 1.95 + 0: 

Acid Resistivity ohm-cm 5.3953E+06 0.0000E-01 0.0000E-01 7.7218E+04 0.0000E-01 cid resistivity 

Total Resistivity 
rvsa ohm-cm 2.1933E+04 0.0000E-01 0.0000E-01 9.8450E+03 0.0000E-01 vsa = 10^(tv 

ifigration Veloci& 

)14 10000/minute 0.090 0.171 0.170 0.093 0.172 ..= 0.123297 

S'pecific Collection Area 

SCA 0e/1000acfm 786 315 345 737 381 CA = (-1n(1 - 

Total Collector Plate Area fe 1,366,477 504,852 562,801 1,172,661 644,498 

ESP Footprint Area fe 37,958 14,024 15,633 32,574 17,903 

Capital Cost Case 1 Case 2 Case 3 Case 4 Case 5 
Cost Basis (Year) 1998 1998 1998 1998 1998 

ESP $ $7,611,043 $7,075,234 $7,177,615 $7,023,245 $7,416,777 
Ash Handling System $ $1,942,059 $1,571,194 $2,027,539 $1,734,644 $2,753,523 
ID Fan(s) $ 5770.690 $732,840 $740.139 5729.121 $757,065 
Equipment Cost Subtotal 5 $10,323,792 $9,379,268 $9,945,293 $9,487,011 $10,927,365 
Instruments & Controls 5 $206,476 $187 585 $198 906 $189,740 $218,547 
Taxes $ $619,428 $562,756 $596,718 $569,221 $655,642 
Freight $ 5516,190 5468.963 5497,265 8474351 5546,368 
Purchased Equipment Cost Subtotal $ $11,665,885 $10,598,573 $11,238,181 $10,720,322 $12,347,923 
Installation $ $9,449.367 $8,584,844 59,102.927 $8,683,461 510,001,818 
Total Direct Cost $ $21,115,252 $19,183,417 $20,341,108 $19,403,783 $22,349,741 

Total Direct Cost with Retrofit Factor 5 $27,449,827 $24,938,443 $26,443,440 $25,224,917 $29,054,663 
General Facilities $ $2,744,983 $2,493,844 $2,644,344 $2,522,492 $2,905,466 
Engineering Fees 5 $2,744,983 $2,493,844 $2,644,344 $2,522,492 52,905,466 
Contingency $ $5,489.965 $4,987,689 $5,288.688 55.044.983 55.810,933 

Total Plant Cost (TPC) $ $38,429,758 $34,913,820 $37,020,816 $35,314,884 $40,676,528 
Total Plant Cost (TPC)w/ Prime Contractor's M $ $39,582,651 $35,961,234 $38,131,441 $36,374,331 $41,896,824 
Total Cash Expended (ICE) $ $39,006,205 $35,437,527 $37,576,128 535,844,608 $41,286,676 

Allow. for Funds During Constr. (AFDC) $ $2,075,207 $1,885,346 $1,999,124 $1,907,004 $2,196,533 

Total Plant Investment (TPI) $ $41,081,411 $37,322,873 $39,575,252 $37,751,611 $43,483,208 
Preproduction Costs S $821,628 $746,457 $791,505 $755,032 $869,664 
Inventory Capital S $0 $0 $0 SO $O 

Total Capital Requirement (TCR) $ $41,903,040 $38,069,331 $40,366,757 $38,506,644 $44,352,872 
5/kW 583.8 $76.1 $80.7 $77.0 $88.7 

O&M Data and Costs Casel Case 2 Case 3 Case 4 Case 5 
Cost Basis (Year) 1998 1998 1998 1998 1998 

Power Required Excluding ID Fan(s) kW 379 304 327 365 359 
ID Fan Power for FF Delta P kW 878 810 823 803 853 
Total Power kW 1,258 1 114 1 150 1,168 1,212 

Power Cost ** S/yr $179,048 $158,600 $163 741 $166,239 $172,586 
Maintenance Costs 5/yr $1,478,068 $1,342,839 $1 423 878 $1 358,265 $1,564,482 

• * These costs assume inputs are in current dollas (no escalaron included 
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in modified Deustch-Anderson equation 
f the  electric  field in the ESP 

f Naz0 in the flyash — from coal library 

f Fez03 in the flyash — from coal library 

f Mg0 in the flyash — from coal library 
f Ca0 in the flyash from coal library 

f ILO in flue gas on a wet basis — from CLIECost combustion  calculations 
f SOs in flue gas on  a  wet basis — from CUECost combustion calculations 

f SO, in flue gas: S03 = 0.74%. S02 

tore in the ESP (degrees F) 
ture in the ESP (degrees C) 
ture in the ESP (Kelvin); note: the temperature in Kelvin  is  used  in  resistivity calculations 

8916 LoglO(Na20)- 0.9696 • Log I 0(Fe)+ 1.237  •  (Logl O(Mg0 + CaO)- Logl 0(2.5)) 
.0)  •  (-0.03): note: 0.03 a a correction factor for the electric field 
/ 625 
IK 
(1000/2.4) 
=10^rv 

.2334  •  Log 10(Na20) 

.0)  •  (-0. 1 28) 
aO)> 10.0 then rs3 = rs2 + 0.56 - 0.056  •  (IWO + Ca0) else rs3 = rs2 
.0)  •  (-0.03) 
0) = rs3 + (12.0 - 2.0). (-0,03) 
12.0) + LogIO(Exp(1))  *  7.3895E-4  •  Exp(2303.3 .' 385)  •  H20 

(Exp(1)) • 7.3895E-4  "  Exp(2303.3 / TK)* H20 
= 10^rs 

s)I (10^rv + IO'rs); note: combined volume and surface resistivity 
0) = rs1 + (10 - 9.0)  "  (-0.128) 
0): if (M0 + CaO)> 10.0 then rs3 = rs2(with1120=10)  +  0.56 - 0.056 • (MgO + Ca0) else rs3 = rs2(with 1120=10) 
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0 

0) = rs3(with 1120 = 10) + (E - 2.0) • (-0.03) 
0, with E = 12.0) = rs3(with 1120=10) + (12.0 - 2.0)  •  (-0.03) 
20 = 10, with E = 12.0) + LoglO(Exp(1))  •  7.3895E-4  •  Exp(2303.3 / 385)* 10 
0, T= 100012.4) = rs0 (with H20 — 10) - Log 10(Exp(1)) * 7.3895E-4  •  Exp(2303.3 /  (1000/2.4)) •  10 
s) (10^rv + 10^rs) 
sl(with 1120 — 10 and TK = 1000/2.4)) + (4)  •  (-0,03) 

a0)< 5 and Fe < 1) then ia/ = 2.6354 else ia 1 = 0.2915 
69  •  rvs2 
a0)< 5 and Fe < 1) then sa = -5.0 else sa = -2.0502 
og10(4) 
og.10(S03) 

2.75 then acid v= 1, else if 503 > 6.5 then acid v = 3, else acid v = 2 
>  1 and (Mg0 + ('a0)> 5) then atont_v = I, else if (Fe <  1  and (Mg0 Ca0)< 3 then alom_v = 2, else atom_v= 3 

cid v,atom_v); note: the lookup table is located below 
2.4 
1000 / TK 
•  ra3 
1 0^ra 

s  ra);(10"rv • 10^rs + 10-^rv  •  10^ra 10^rs • 10_ra) 

.003323934 *Th(rvsa) 

)^('140 1 
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